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FOREWORD 

The school science program for New York City children be- 
gins with pre-kindergarten science, as outlined in the publica- 
tion, Pre-Kindergarten Curriculum (Curriculum Bulletin, 
1965-66 Series, Number 11). The program continues with 
Science: K-2, (Curriculum Bulletin, 1965-66 Series, Number 
7), which presents a teaching guide for each of the grades K, 
1, and 2. 

Science: 3-4 provides the teacher with specific materials and 
suggestions for organizing effective learning experiences in the 
science area at this level. Both science knowledge and science 
processes are stressed. Among the new features which merit 
special attention are the evaluative activities which follow each 
of the major topics. 

In behalf of the school system, I wish to express my ap- 
preciation to the Bureau of Curriculum Development, the 
Office of Science Education, superintendents and directors; the 
elementary science coordinators, and the hundreds of teachers 
and supervisors who have made this publication possible by 
their tryouts in the classroom, by their designing of materials, 
and by their care in the preparation of this handbook. 

Bernard E. Donovan 
Superintendent of Schools 
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DEVELOPMENT OF THE SCIENCE PROGRAM 
FOR THE ELEMENTARY SCHOOLS OF N. Y. C. 

The science program for the elementary schools stems from a series of 
projects that have been under way for almost two decades to give the 
study of science full status in the elementary curriculum in New York City. 

One project, originating in two districts, resulted m the preparation of 
Science in Everyday Living (Curriculum Bulletin No. 6, 1947-48 Series). 
This publication, reporting early childrhood activities and experiences in 
the classroom, was distributed to all elementary schools in New York City. 

Material developed in other districts for the intermediate grades was 
published as Source Materials in Elementary Science (Curriculum Bul- 
letin No. 3, 1949-1950 Series). This publication, outlining science ma- 
terials, experiences, and units, was also made available to all schools. 

To meet the need for broader consideration of the overall K-12 science 
program, exploratory studies and conferences were conducted in 1950, cul- 
minating in the appointment and work of a science advisory panel which 
established a set of goals and principles later accepted as a working program 
by the Curriculum Council. 

Another step was taken in 1950 when the Curriculum Council of the Board 
of Education designated a Science Advisory Committee to coordinate the de- 
velopment of a 12-year science program for the New York City Schools. This 
committee consisted of: * William H. Bristow, Director, Bureau of Curricu- 
lum Research, Chairman; Alfred D. Beck, Science Supervisor, Junior High 
Schools; Francis X. Carlin, Science Supervisor, Vocational High Schools; 
Harry Milgrom, Science Supervisor, Elementary Schools; Samuel Schenberg, 
Science Supervisor, High Schools; Jacob H. Shack, Assistant Superintendent, 
Division of Curriculum Development, Secretary. 



vu 



“•The positions indicated are those which were held in 1950. 



Concurrently, committees of teachers and supervisors were set up to pre- 
pare courses of study in science for the elementary, junior high school, and 
senior high school levels. 

The work of the elementary school committee was directed first by the late 
Isaac Bildersee, Assistant Superintendent, and then by Herman Schneider, 
former Science Supervisor, Elementary Schools. 

During 1953, a committee under the chairmanship of Harry Milgrom and 
including Ruth Berken, Allen Burnham, Frances Harmon and Martha Shapp 
prepared a Course of Study in Science for the Elementary Schools, Grades 
K-6, which was adopted by the Board of Superintendents and the Boaid of 
Education in July, 1954. This gave the elementary schools the first approved 
framework on which to build a science program, and completed the process 
of organizing a science sequence from the kindergarten to the twelfth grade. 

A program of curriculum development and implementation was approved 
by the Board of Superintendents at its meeting on January 4, 1955 and be- 
came known as the Elementary Science Project. This project was a joint 
undertaking of the Bureau of Curriculum Research and the Office of Ele- 
mentary Science. 

Thirty-one pilot schools in seventeen districts participated in the develop- 
ment of materials. To facilitate organization of production, committees were 
designated to develop materials in each of the seven areas of the program: 
Magnetism and Electricity, The Earth in Space, Living Things, Sound and 
Light in Communication, Weather, Motion and Force in Transportation, and 
Earth and Its Resources. Each committee consisted of teachers and super- 
visors from pilot schools, district science chairmen, curriculum assistants, sci- 
ence coordinators, and in some cases, representatives of cooperating institu- 
tions in New York City. 

The work of the seven committees was under the direction of Harry Mil- 
grom, Supervisor of Science for the Elementary School Division, and coordin- 
ated by Julius Schwartz, Consultant-in-Science of the Bureau of Curriculum 
Research. 

The reports of the committees were prepared for publication by an editorial 
committee consisting of Allen Burnham and George Barr, Office of Ele- 
mentary Science, and Julius Schwartz, Chairman. Jan Margo, a teacher in 
the All-Day Neighborhood School program at P.S. 108 M., served as a con- 
sultant and illustrator for the handbooks. 

Between the years 1958 and 1962 the seven handbooks, Science: Grades 
K-6, (Curriculum Bulletin 1958-59 Series, Numbers a-g) each dealing with 
a separate area of science from Kindergarten to Grade 6, were distributed to 



vni 




all of the elementary school teachers of New York City. During this period, 
an intensive program of teacher training was instituted to implement the use 
of the handbooks in the schools. Under the leadership of Harry Milgrom, 
the staff of science coordinators assigned to the twenty-five district superin- 
tendents conducted workshops, demonstration lessons, in-service courses, 
and faculty and grade conferences to familiarize the teaching staff with the 
new program. 

In-school television programs for children, based on the handbooks, were 
cooperatively developed by WNYE, the Bureau of Curriculum Research, and 
the Office of Science Education. These programs served both for direct pupil 
instruction and for teacher training. 

After-school television programs for the training of elementary school 
teachers were initiated by Samuel Schenberg, Director of Science, and super- 
vised by Harry Milgrom, Assistant Director, with the active cooperation of 
WNYE, the Bureau of Curriculum Research, and the Division of Elementary 
Schools. Teachers’ guides for these purposes were prepared and distributed. 
These television courses for teachers were held at the end of the school day 
and were received in school centers throughout the city. Each telecast was fol- 
lowed by an intensive workshop, using the materials presented on the pro- 
gram. In a later period the same course was presented to teachers who wished 
to view it at home, and a special guide was prepared for that purpose by 
Muriel Green, Science Consultant. 

The emerging elementary science program was accompanied by an expan- 
sion of science fairs, clubs, assembly programs, and trips. More and more, 
science became part of the daily experience of all elementary school children. 

In 1963, the Bureau of Curriculum Research and the Office of Science 
Education launched the present revision program. One reason for the revision 
is to bring together science content formerly presented in seven handbooks, 
so that a teacher may find all of the instructional materials for her grade in 
a single publication. In addition the revision reflects recent advances in 
science, and in the methods of teaching science. While retaining intact the 
basic scope and sequence of the original series, the experiences are enriched, 
and the number and variety of activities are increased. More su gg estions are 
given to the teachers to stimulate the teaching of science as inquiry, through 
approaches which place children in the role of innovators, explorers, and dis- 
coverers. The teacher is given more assistance in planning, in using equip- 
ment, and in meeting the needs of children with varying abilities and interests. 
New introductory materials are incorporated to highlight modem develop- 
ments, trends, and emphases in modem education. Integral to the revision are 
a series of items to assist the teacher and the children in evaluating the effec- 
tiveness of the teaching and the learning. 



A panel of principals served as advisors to the Revision Project. The 
panel included Paul J. Fitzgerald, 164 K; Thea S. Klein, 59M; Irving Kreitz- 
berg, 41 M; Sidney Levy, 92 X; Maude E. McGrath, 29 R; Hermine J. 
Nelson, 99 K; Pearl Newman, 16 K; Emil Soskind, 188K; Dirck Stamler, 
75M; and Mary E. Vogt, 134 Q. 

A Revision Committee, staffed with district science coordinators, worked 
on the new handbooks during the period 1963-1966, including the summers 
of 1964 and 1965. A Kindergarten Team, consisting of Muriel Green, Alice 
Harwood and Julius Schwartz, had the special responsibility of planning, 
researching and writing the original kindergarten topics. These topics were 
then tried out in eighteen pilot schools. This project is described fully in 
Science : Grades K-2, which was published in the spring of 1966. 

Because of the urgency of the fast developing Operation Headstart, the 
Kindergarten Team was assigned to write a science program for the pre- 
kindergarten curriculum. This science material appears in the Pre-Kinder- 
garten Curriculum Guide, which includes all the curriculum areas, and should 
now be considered a part of a Pre-Kindergarten— Grade 12 science program 
of New York City. 

Present plans call for the publication of the revised materials of Science 5-6 
in 1967. 
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Introduction 








MEETING THE NEEDS OF ALL CHILDREN 

Science meets the needs of all children since it offers them endless oppor- 
tunities to explore, to manipulate, and to discover, as they try to find the 
what, how, and why of the world around them. The science program is de- 
signed to provide a variety of experiences in the form of trips, experiments, 
constructions, and projects which will appeal to children of varying back- 
grounds, interests, and capacities. 

The Grade 4 topic, Our Nearest Neighbor: The Moon, for example, begins 
with children’s wonder at the night sky. The moon hangs over New York 
City for all our children. As they watch the moon each night for a period of 
time, they note its changing appearance and make sketches to help them re- 
member. The careful moon watchers discover that the moon appears in a 
different part of the sky each night. In the classroom, children try to find out 
why the moon appears to change shape, by experimenting with a model moon 
and a source of light. On radio, television, and in their readings, children fol- 
low the continuing story of moon thrusts and moon landings, and they locate 
current lunar events on such places as the Sea of Tranquility or the crater 
called Copernicus. They find these large features by revisiting the moon in 
the nighttime sky, perhaps with the help of binoculars. They begin to under- 
stand that the moon has a geography of its own. As children plan their own 
trips to the moon, they use concepts of distance, size, time, and motion. 

Science lessons come in many “sizes” and “shapes”. Characteristically, 
children may be experimenting, constructing, discussing, reading, observing, 
making drawings, making measurements, making exhibits, taking care of 
plants and animals. Science lessons may take the form of a planned trip in or 
around the school building, to the school garden, in the neighborhood, or to 
a nearby park. A science lesson may be the spontaneous reporting by children 
of what the windstorm did the previous night. A science experience may 
last two minutes, five minutes, an hour or more. It may be part of an interre- 
lated series of experiences and activities, or it may stand uniquely by itself. 
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There are many roads to science learning and there are many settings for 
science teaching. The developmental class lesson, led by the teacher, is only 
one of the shapes that a lesson may take. On different occasions, children 
may work in small groups or by themselves. Since children learn at different 
rates and in different ways, there must be many opportunities for individual 
work. Children need time to think, time to work things out for themselves, 
without pressure from their classmates or teacher. Not all children will 
necessarily be working in science at the same time. 

Using This Handbook to Meet the Needs of All Children 

In the Approaches and Concepts for the Child, you will find, for each topic, 
the significant concepts which all children should learn. Following these are 
suggested problems. For example: in Grade 4, Topic A, Sounds Are Carried 
By Air and other Materials, is developed through such problems as the fol- 
lowing: 

1. Can sound travel through a tube? 

2. How can we detect quiet sounds? 

3. Why do people use a megaphone? 

4. Why did people in early times “keep an ear” to the ground? 

5. Can sound travel through a string? 

6. How could you signal a friend who is underwater? 

7. How can we make a string telephone? 

8. How can you see the sound of your voice? 

9. Why do we see lightning before we hear thunder? 

10. Do sea shells have the sound of the sea in them? 

11. What makes the sound in hollow objects? 

12. What makes echoes? 

For each topic the teacher will use those problems that best serve the needs 
and interests of her group. The problems should also be selected so as to de- 
velop adequately the basic concepts stated in the introduction to the topic. 
The teacher should feel free to extend the investigation of the topic along 
lines suggested by the children. 

Following each problem in the Handbook is a list of understandings which 
the children may be expected to gain. It is important that the understandings 
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be formulated by the children on the basis of their experiences and be ex- 
pressed in their own words. It is not intended that all children or all classes 
will arrive at all of these understandings, or be limited solely to these. 

In summary: when we approach science as an exploration, we invite each 
child to make his own contribution to this unique enterprise, and to share in 
the learnings of all. 



SCIENCE AS PROCESS AND AS KNOWLEDGE 



“Science means various things to different people. Many accept it as an or- 
ganized body of content to be studied from a science textbook. Some think 
of it as a new kind of magic. Others consider it to be an absolute authority. 

“An increasing number believe it is something to be feared. Comparatively 
few recognize science for what it is — an enterprise created, designed, and 
managed by human beings. . . . We must make every effort to help our young 
people understand science in this light. To do this we must keep in mind the 
two basic components of science. 

“One component has to do with science as a way of investigating the world 
of nature. . . . But science is more than a way of finding out. It is what the 
scientist finds out, not only the method. It is the tested knowledge of our 
environment that has come from using the methods. ... At the pinnacle of 
this knowledge, however, are the grand ideas that have been forged in the 
creative, informed minds of scientists. . . . Both process and product are in- 
extricably involved in the scientific enterprise. Both represent human 
activity. . . . 

“As teachers we properly refer to the process part of science teaching as 
problem solving. In order to teach science as problem solving, we must get 
children involved in the process. They must be encouraged to ask questions; 
but more important we must help them develop the ability to ask thoughtful 
questions. Children must be encouraged also to speculate about answers to 
their questions. . . . 

“We cannot give children the science ideas which they are supposed to 
understand. Each child “catches,” or comes to understand, an idea on his 
own. Our job is to set the stage for this to happen and guide the process 
once it is under way.”* 

♦From “What is Science” by J. Darrell Barnard. Elementary School Science Bulletin No. 
63. National Science Teachers Association, Washington, D.C. September, 1961. 
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The material in this handbook is designed to combine the two components 
of science, process and knowledge. For example, the observation and meas- 
urement by children of the changes in length and direction of a given shadow 
at different times (process) leads them to the generalization that the sun 
changes its position in the sky during the day (knowledge). 

The understandings listed at the end of each problem in this handbook, and 
the broader concepts found in the introduction to each topic, represent 
knowledge that should flow from the children’s investigations. Interwoven 
in the development of each problem and implicit in the question which trig- 
gers each problem is the process. 

Following are some of the processes in science investigations. The listing 
given here is not intended to suggest the order in which the investigation is 
to proceed. Nor is it essential that all of these be included in any one investi- 
gation. And we should keep in mind that while children are discovering, they 
should be finding out something which, for one reason or another, they want 
and need to know. 

1 • Asking Questions. This handbook is designed to encourage the asking 
of questions. The posing of a question is an invitation to children to engage 
in a scientific enterprise. Of course the most significant questions are those 
which children ask. See The Role of Questions on page 7, for further discus- 
sion of this topic. 

2. Experimenting. An experiment is a way of finding out; it is not an end 
in itself. In an experiment the materials are carefully selected and the condi- 
tions are carefully arranged. This is different from an experience in which the 
materials and events are observed in the natural world. An experiment is a 
technique through which man tries to discover nature’s secrets. 

One aspect of the experiment is the control. When children are asked how 
they can be sure that a certain condition produces a given effect, they are led 
to see the need for a control. For example, if a child hypothesizes that hang- 
ing a wet cloth outdoors in full sunlight will make it dry faster, he should also 
hang a similar wet cloth outdoors in the shade. The one in the shade serves 
as the control. It makes possible an accurate comparison leading to a reason- 
able conclusion. 

Children should be encouraged to devise their own experiments. It will be 
helpful for the teacher to ask frequently, “How can we find out . . . ?” 
Indeed, the children s involvement in planning an experiment is just as im- 
portant as the doing of the experiment. They should plan (if possible) to test 
a single factor at a time. For example, if they wish to find out whether green 
plants need light, they will place some plants in the light and some in the 
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dark, and water them equally. If they do not water both sets of plants, they 
will not know whether the difference between the plants is the result of lack 
of water, or lack of light. A number of plants will be grown in the light and 
in the dark to answer the criticism that the plant in the dark may have been 
“a sick plant to begin with”. 

3. Predicting. Children should be encouraged to predict results, to propose 
explanations and then to test them. Predicting results will help chil dren focus 
their thinking on a problem. Checking results will help them evaluate their 
thinking. The process of predicting also adds excitement and a sense of “play- 
ing a game” to the learning of science. In the third grade, children are asked 
to predict what will happen to a plant if its leaves are removed; if half of its 
leaves are removed; if only one or two leaves are removed. Children perform 
experiments to check their hypotheses. 

4. Observing. This involves making use of the senses to gather information. 
Children use their muscles and other parts of their bodies to make observa- 
tions as they push, pull, put things together, and take things apart. The 
teacher encourages them to use all their senses when they investigate, and to 
report what their senses indicate. Sometimes they extend what they learn 
from their senses by using an instrument. A hand lens, for example, helps 
them see a tiny insect in greater detail. 

5. Interpreting. This involves comparing sizes (longer, shorter, larger, 
smaller), comparing textures (smooth, rough), and weight (light, heavy) 
of common objects. It includes distinguishing and naming temperature dif- 
ferences as being warmer or colder; identifying sounds made by familiar ob- 
jects or events; identifying odors of familiar substances. It involves noticing 
changes in color, size, odor, state (such as from solid to liquid), shape, and 
position. 

Children should be helped to distinguish between an observation and an 
interpretation. For example, a jar of water is exposed for a number of weeks 
and the level of the water is marked each Monday. Children may observe that 
the level is 3" deep at the outset, 2Vz" a week later, and 2" two weeks later. 
An interpretation of the data is that the water level in the container drops 
over a period of weeks. 

6. Measuring. Observation may include measurement. Rough measure- 
ments come first, and then instruments are used to refine these measurements. 
A child puts his finger into a glass of water. He feels (observation) that the 
water is warm. He then places a thermometer in the water to see how warm 
it is (measurement) . Sometimes children make their own measuring instru- 
ments: paper strips are cut to indicate the height of a growing plant over a 
period of time, and these made into a graph which represents the growth. 
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There are stages in the development of measurement skills. A child grows 
a number of plants from seed. He first compares the height of two plants and 
sees that one is taller than the other. He then asks himself, “How much 
taller?” and measures to find the answer. 

7. Keeping Records. Records are kept in many ways: in written words, 
maps, photographs, tape recordings, numbers, drawings, graphs, and in col- 
lections of objects (for example, dry seeds from various plants displayed in 
transparent containers). When children gather data and look at it, they begin 
to understand that many examples make generalizations more valid. 

For example, in Grade 4, children experiment by changing the position of 
the fulcrum (balancing point) when they use a ruler to raise a book. They 
use a rubber band to pull one end of the ruler down, and record the length 
of the stretched rubber band on a chart. 

Gathering data, of course, is not enough. It has little value unless the data 
is examined and interpreted. In the example just given, the data furnishes a 
basis for generalizing about the relationship between the position of the ful- 
crum and the force needed to move the book. 

8. Classifying. This involves collecting and organizing thin, *uay mean 
separating things to find likenesses or differences. It involves comparing things 
and grouping them. Children should be guided to an awareness of the reasons 
for classifying things: to simplify, to discover underlying or basic similarities 
and differences. Children should be encouraged to classify things for their 
own reasons, and to use their own basis for clasification. They may wish, for 
example, to organize their rock collection on the basis of size (small or large), 
or on the basis of surface (smooth or rough), or on the basis of color (light 
or dark). Each of the methods may have significance to children. 

As they pursue the study of rocks, they find it necessary to use a combina- 
tion of such characteristics as hardness, color, texture and brittleness to ident- 
ify a particular rock and distinguish it from others. These, indeed, are the 
characteristics employed by scientists in identifying rocks. 

9. Generalizing. At the end of each problem in the Handbook there are 
some of the understandings or generalizations that children may suggest. 
These are based on their observations, experiences, and experiments. Through- 
out the work in science, children should be encouraged to generalize in their 
own words. This will make the process of forming generalizations one which 
involves careful, critical thinking. 
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V 



THE ROLE OF QUESTIONS 
IN TEACHING SCIENCE 

Good questions are the keys to good teaching in all curriculum areas. In 
science, questions have a special role since they are the starting point for 
children’s investigations. In spirit, this is essentially the way in which scien- 
tists initiate research. Questions give purpose and direction to activity. There- 
fore the science program outlined in this handbook is developed through prob- 
lems that are posed as questions. 

Children ask questions naturally. An important goal in science teaching is 
to encourage and cultivate this quesuoning attitude. Children should feel that 
school is the place to ask questions, that their questions are important, and 
that questions often trigger exciting explorations. The teacher helps set the 
stage by arranging for situations which provoke questions. By the kinds of 
questions he asks, the teacher also serves as a model for the children as they 
develop and improve their skill in questioning. 

Answers are found in a variety of ways. Occasionally the teacher, a book, 
or other children may provide answers. However, answers become more 
meaningful when children find them in the course of their own investigations. 

Questions serve many purposes. Some useful question starters are: 

“What would happen if . . .?” 

“How can we find out . . .?” 

“How could you be sure that . . .?” 

“How can we (do) . . .?” 

“How many ways can we (do) . . .?” 

“Where could we find . . .?” 

“What happened . . .?” 

And let us not forget to ask children, “What questions do you have?” and 
to counter children’s questions frequently by asking, “What do you think?” 

Children should come to understand that there are many questions for 
which there are still no answers. We are uncertain about the cause of the 
earth’s magnetism. We do not know whether life exists on Mars, although, 
before the next edition of this handbook appears, we may have the answers. 
As children go on with their science studies they will understand that all 
answers in science are man-made, hence subject to error and subject to 
change. There is no final and absolute authority in science. This docs not, 
however, deny the importance of the principles and theories which scientists 
construct to explain phenomena. But most significant principles and theories 
in science lead to the discovery of new principles and theories. 
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The significance for the teacher of this approach to science “answers” is that 
children’s ideas and proposals should be considered, and that the teacher 
need not become the authority or a spokesman for the authority. Rather, 
science in the classroom should be an adventure in which children and the 
teacher participate. Children should come to regard science as an endless 
quest rather than a finite body of information. 

Following are some typical questions related to the work in Science : 3-4, 
grouped to indicate their special character. 

Questions which draw on children's home experiences 

What care are animals given in our homes and in a pet shop? 

What seeds could you find in your home right now? 

Questions which lead to trips and surveys 

What happens to rainwater when it strikes the ground? 

What seeds travel by hitch-hiking? 

How do winds get their names? 

On what kinds of surfaces do things slide best? 

Where is rock used around the school? 

Questions which lead to close observation 

What do you feel when you hold your finger against your throat as you are 
talking? 

Does that bird keep on flapping its wings all the time as it flies? 

Where is the sun now? 

What happens to the line in the thermometer when you breathe on the bulb? 
Which of these rocks have layers? 

Questions which provoke experimentation 

Does water sink into bare soil as fast as it does into grassy soil? 

What happens to our potted plants when they are subjected to extreme cold? 
What happens when we change the position of the fulcrum? 

Questions which help children group and classify 

On what kinds of surfaces do things slide best? 

What kinds of things make high tones? What kinds make low tones? 



Which of the rocks around our school occur naturally? 'Which are man- 
made? 

Which of these seeds travel by land? Which by air? Which by water? 

Questions which lead to measurement and collecting of data 

How does temperature change from fall to winter? 

What is the temperature of some of the things in our room? 

Do plants grow better in sand or in soil? 

Does a sandy soil absorb water faster than soil with less sand? 

How much easier is it to pull a load up a ramp with a gradual slope than to 
pull it up a steep slope? 

Questions which challenge children to propose ways of finding out 

How can we find out if all plants need sunlight to live? 

How can we find out if there is air in water? 

How can you find out which substances carry electricity and which do not? 
How can you find out which way the moon seems to move in one night? 
How can we tell without using an instrument how fast the wind is blowing? 

Questions which ask children to predict 

What will happen to the level of snow in a glass when we take it indoors? 

What will happen to the sound if we shorten the milk straw horn? 

If we sandpaper a rough piece of wood, will we be able to make some- 
thing slide over it more easily? 

What will happen to this plant if we turn it so its leaves face away from 
the window? 

If you add a third gear to a “gear train,” how will it turn? 

Questions which challenge children to propose explanations 

Why are similar plants found in places which are far apart? 

Why are wheels better than rollers for moving a vehicle? 

What makes the moon shine? 

Why does a baseball batter pick up dust and rub his hands with it before 
he goes to bat? 

Why do we see lightning before we hear thunder? 



THE ROLE OF THE EXPERIMENT 

The classic way through which man tries to discover nature’s secrets is by 
experimenting. When children experiment, they are intrigued by the elements 
of surprise and discovery that are a part of such investigations. They begin to 
develop patterns of thinking and working which are characteristic of scientists. 
In the context of science teaching, we differentiate experience from experi- 
ment. . Experiences may include the child’s observing goldfish in an aquarium, 
examining a rough surface with a magnifying glass, or taking a trip around 
the school to look for natural and man-made rocks. An exper im ent., on the 
other hand, is usually a cooperatively developed enterprise (teacher and 
children) with appropriate materials set up for the purpose of finding the 
answer to a particular problem. 

The significance of the experiment is that it helps to find something out 
/rather than to prove something. Its character is more “Let’s find out whether 
. . . than “ Let’s prove that. . . .” The teacher sets the stage by providing situa- 
tions which stimulate children to raise problems. In a real experiment, there 
should be some doubt about the outcome in the investigator’s mind. The 
experimenter may consider a certain outcome to be most probable but he is 
i uncertain of it. 

I 

| Although an experiment is conducted to solve a problem, every research 
scientist has had the experience of finding new problems during his experi- 
i mentation. Pupils, also in their experiments, will open up many new lines of 
thinking; as they attack one problem, additional problems will be disclosed. 
Where feasible, therefore, the program of experimentation may be extended 
to include some of these new problems. 

Finally, it should be noted that experiments are appropriate for any grade 
in the elementary school. Third grade children may experiment to find out 
what happens to a plant when fertilizer is added to the soil. In the fourth 
grade, children set up experiments to determine how fast rainwater sinks 
into different kinds of soil. 

Guidelines for Experimentation 

1. The Setting 

„ The f, ettin S j s Provided by situations which may develop from asking the 
trigger questions in the science handbook, from children’s individual ex- 
periences, from class trips, from provocative materials, from previous experi- 
ments. All of these may result in problems or questions. For example, in the 
fourth grade, after children discover from their observations that the sun’s 
rays hit Earth at more of a slant in winter than fall, they experiment to 
see what effect the slant of the sun’s rays has on the amount of heat received. 
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2. Getting Into Action 

The children should be given an opportunity to design the experiment and 
to decide on and gather the appropriate materials. Depending on the avail- 
ability of the materials, physical conditions, and safety considerations, the 
experiment should be performed by pupils individually, by groups working 
together, or by one group in the class. It is important that children have 
opportunities to manipulate the materials and to work at their own pace. 
Before proceeding with the experiment, the children should understand how 
the experiment is related to the problem to be solved. 

3. Making It Scientific 

Wherever possible, use a control. This is simply a method of providing a 
basis for accurate comparison. When children try to find out whether plants 
grow better in sand or in soil, they grow a number of plants of the same size 
and type in both of these media. They observe the plants for a number of 
weeks and compare the two groups for size and general development. 

Test only one variable at a time. For example, when children experiment to 
learn what a plant needs so as to live, they should deprive the plant of 
either sunlight or water, not both. In this way, they can arrive at a conclusion 
that has validity. 

Take advantage of the fact that you have a number of children who may 
perform the same experiment. It may be found that variations in the results 
that children get are due to differences in the techniques used, variations in 
observational skills, differences in ability to report their observations, or 
differences in the materials being used (the use of a weak dry cell as com- 
pared to the use of a fresh dry cell). 

Results of experiments should be recorded, reported, and summed up, to 
help the children gain the most understanding from the experiments. The 
greater the number of experiments and observations, the greater the possi- 
bility of arriving at a basic explanation or generalization. 

4. When the Experiment Does Not “Work” 

In a sense, every experiment “works,” that is, what happens is a result of 
natural influences. For example, children try to find out how to make a 
piece of wood slide more easily over another piece of wood. They lubricate 
one surface with vaseline. If they find that it is harder rather than easier 
to pull the piece of wood, this is not a failure; it is an opportunity. For here is 
a real problem — not one predetermined by the teacher. Asking the children 
how to solve this real problem leads to the highest level of experimentation 
because children are actually cast in the role of scientists. They may suggest 
using more or less vaseline, lighter blocks of wood, surfaces other than wood, 
or a lighter oil. All of the suggestions should be accepted and tested, as far 
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as possible. Since during a school year, many of the investigations suggested 
in the handbook will lead to situations in which something appears not to 
“work,” it is essential that the teacher capitalize on these opportunities for 
involving children in science learning. 



MATERIALS FOR ELEMENTARY SCIENCE 

For effective learning of science, children must have as many first-hand 
experiences with real materials as possible. To assist you in planning this, the 
handbook includes lists of materials that are necessary for each unit in Grades 
3 and 4. In general, the lists are based on the assumption that children will 
work in groups of four, although there will be many occasions when the 
teacher may depart from this arrangement. The E-l Science Supply List or 
the G-l General Supply List contain the items which may be ordered at 
requisition time (usually in the fall). 



Sources 



In addition to the standard type of science materials provided by the school, 
such as magnets, magnifying glasses, and thermometers, the teacher has many 
other sources to draw from. These include materials that are found in the 
classroom such as the window pole, paper, paper clips, drinking straws, and 
empty milk cartons. 



Much of the equipment normally found in the kindergarten, such as blocks, 
paints, and toys, are useful for science teaching in grades 3 and 4. Children 
can contribute science materials such as empty spools, leaves, pebbles, plastic 
containers, and shoe boxes. The local hardware, variety, and pet stores are 
sources of science materials. Neighborhoods with gardens, parks, beaches, 
ponds, and streams are excellent sources of science materials. Other sources 
of science materials are museums, the ASPCA, botanical gardens, zoos. 
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Since we continually emphasize conservation, children should be made 
aware of the need to discriminate when collecting science material outdoors. 
Whereas removing a fallen leaf from beneath a tree does no harm, leaves 
ripped from branches may injure the tree. In general, plant species that are 
scarce, such as many of the wild flowers, and specimens that are on private 
property are not to be collected. Small wild creatures, taken briefly to the 
classroom, should be housed and fed properly and eventually returned to 
the environment from which they had been removed. Children in early grades 
should be accompanied by an adult on any field trip. 



Storage 

It has been found that no one method of storage will be convenient for 
everyone. Shoeboxes or other containers may hold many materials for a 



12 






particular unit such as the one on electricity. This may be part of the per- 
manent equipment for your room. Expensive equipment should be stored 
centrally and be available, on order, to the classroom teacher. Schools may 
order cabinets containing tote trays for the storage of science equipment. 
Each school will select a method that best meets its needs. 

Safety 

The bulletin For Greater Safety In Science Teaching is in all schools and 
should be consulted. The following rules apply particularly to the teaching of 
science in the elementary schools. 

1. Materials must be safe for children to use. For example, plastic con- 
tainers should be used when possible, instead of glass containers. 

2. Pupils are to be under the direct supervision of a teacher at all times. 

3. Devices or equipment brought in by a child should be pretested be- 
fore using them with the children. 

4. Discuss safety cautions in handling materials for which there might 
be a special hazard, even if the teacher is demonstrating them. Dis- 
cuss the science principles involved in safety. For example, water 
and sand should be available whenever we are working with fire. 

5. Wherever possible, the safety application of science principles should 
be taught. In the study of wheels and ball bearings, for example, a 
basis is developed for understanding the potential dangers of leaving 
round things on floors and stairs. 

6. House current (110 volts) is not to be used. Only dry cells ( lVz 
volts) are to be used for experiments with electricity. 

7. Children are not to carry laboratory equipment or apparatus through 
the halls when classes are moving about. 

8. Children are not to taste chemicals or other materials’. The only ex- 
ceptions are foods purchased and handled under sanitary conditions. 

SCIENCE AND THE READING PROGRAM 

Children are fascinated by explorations in science, and this interest may be 
utilized in many ways to improve reading ability. The teacher can guide 
children in the use of newspapers, magazines, and books to find information, 
to satisfy curiosity, and to enjoy the sheer excitement of adventuring in science. 
In the early school years, youngsters become familiar with the elements of 
their environment which they can see, hear, feel, smell, taste, and touch. They 
add to their speaking and reading vocabularies the names of these dements 
and the words which describe impressions made by them: hot, cold, wet, dry; 
loud, soft; high, low; rough, smooth. From year to year, as new experiences 
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introduce new science words, their speaking, reading, and writing abilities 1 
grow rapidly. For example, when planning a garden, children consult planting 
instructions to find out how to sow and care for their plants. They become 
familiar with the names of many common seeds, vegetables, flowers, and 
gardening tools. Educationally disadvantaged children, and those to whom 
English is a second language, increase their English vocabulary as they learn 
words describing concrete objects and their use in science experiences. 

Making Experience Charts, Oral and Written Reports, Graphs 

Pupils are encouraged to describe in their own words what they want to 
investigate through their experiments, what they propose to do and to use, 
what they observe, and what they learn. The teacher may print an experience 
chart as the children dictate the story of each experiment. Once a child grasps 
the significance of such a statement it will not take long before he can read 
the words of which the statement is composed. Gradually, he will gain the 
ability to write and read his own reports, thus further strengthening both 
science and reading skills. 

Step by step, as children pursue their simple investigations, they are taught 
to prepare, read, and interpret charts, tables, and graphs which show the 
results of such measurements as length (of shadows), weight, time, tem- 
perature, speed (of wind), force, and direction. 

Preparing Exhibits 

In the preparation of hall and classroom displays, children practice the skills 
required in writing and reading titles, captions, labels, and descriptive text. 
Much of this work may require that pupils read and follow specific directions. 
Through all of these science activities, reading is needed and used. 

Implementing Reading in Science 

Children should be given an opportunity to select reading material. The 
teacher should make available a variety of suitable books and other references 
in anticipation of a topic that may be studied, or as a source of information 
after a question has risen. In this way, children begin to develop the habit of 
using many sources; they begin to appreciate the role of references in re- 
search. Printed matter in elementary science mostly falls into the following 
groups: textbooks, trade books, reference books, magazines and free 
materials. 

Since New York City has its own well-defined curriculum in science, no 
single textbook provides the readings essential in our program. Texts are 
used as references, for supplementary reading, for useful illustrations or 



techniques. For this purpose children should have available the texts of dif- 
ferent publishers and of different grade levels. 

Trade books, with their great diversity of subject matter, reading levels, 
styles, and formats, are excellent aids to the teacher in meeting the needs 
of individual children. On pages 322-338, grouped according to science 
areas, is an annotated Bibliography for children of grades 3 and 4. 

Reference books such as encyclopedias should be available, if possible, in 
the classroom and in the school library. Children need help, of course, in 
using these references properly. 

Many manufacturers print material that may contribute to science learn- 
ings in elementary schools. Their public relations departments are cooperative 
in sending supplementary material to the schools. The usefulness of each 
publication must be carefully assayed before making it available to the 
children. 



AUDIO-VISUAL MATERIALS 
IN THE SCIENCE PROGRAM 

A large variety of audio-visual materials is available in our schools; this 
permits the teacher to utilize a multi-sensory approach in the development of 
science concepts. These materials also motivate learning and make it more 
pleasurable. Thus stimulated, the pupils become more curious and begin to 
investigate, read, explore, and experiment. 

Some aids such as the chalkboard, the felt board, and the bulletin board 
appeal to sight. The chalkboard, particularly, is available to every teacher 
and has great potentialities. To illuminate an idea, a large clear sketch, in 
colored chalk if appropriate, is a fine teaching aid. The value of the chalk- 
board is enhanced if the teacher develops the drawing with the help of the 
children. The drawing grows as ideas grow, as children contribute to its lines 
and labels. The chalkboard makes it possible for all children in a group to 
center their attention on the same drawing while they discuss a problem. The 
pupils should be encouraged to use the chalkboard to explain and clarify 
their own ideas. 

* 

Motion pictures, filmstrips, and transparencies are used in various kinds 
of projectors found in the schools. Magazines and newspapers are good 
sources for pictures that may be hung in the classroom and viewed in greater 
detail by using the opaque projector. Charts and models that children make 
are often more meaningful than commercial ones. 
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Other aids appeal to hearing. These include radio, tape recordings, 
phonograph records, sound films, and filmstrips. They offer the teacher 
additional opportunities for meaningful science lessons. 

Television is a valuable teaching aid and can do much toward furthering 
the objectives of science teaching. The teacher should consult the TV guides 
provided by the Board of Education, and plan to use television as an integral 
part of her science program. 

A teacher occasionally may use audio-visual materials to introduce a new 
unit or topic. Such use serves to stimulate the interest and curiosity of the 
children and helps them formulate the problems they will try to solve. Audio- 
visual materials may be used during the exploration of a unit or topic to 
supply information needed, to reinforce knowledge or skills, to stimulate 
research, and to encourage follow-up activities. These aids may also be help- 
ful at the end of a unit to provide a review, or as part of a unit’s culmination. 

Audio-visual aids in science are primarily for instruction. Films and film- 
strips are most effective when they can contribute specifically to the topic 
which is being studied. It is important that they be wi thin the understanding 
of children of the grade and age level. It is not necessary that filmstrips be 
shown in their entirety; only those frames that are pertinent to the unit need 
be used. Projectors should be tested ahead of time, to make sure that they 
are in working order. 

If the children are adequately prepared for the material to be presented, 
and are stimulated to be active participants, the learning is more effective. 
There should be ample opportunity for language training , oral and written. 
Children should be prepared for file new words anticipated by the teacher. 

A follow-up program reinforces the knowledge and skills learned from 
the film, filmstrip, or other audio-visual material. This may take the form 
of creative writing, art work, trips to zoos and museums, making collections, 
reading in science books, and making reports. 

A list of films and filmstrips appropriate for the science topics in Grades 
3 and 4 will be found in pages 312-321 of this handbook. 

USING NEIGHBORHOOD RESOURCES 

New York City is a wonderful laboratory for the study of natural science. 
Within the five boroughs such places as an ocean front, a bay, a waterfall, a 
river, and a swamp may be explored. Almost any neighborhood has a hill, a 
valley, a vacant tot, rocks, soil, plants, and animals. The school building it- 
self, with its natural and man-made stone, reveals how man uses some of 
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nature’s resources. The schoolyard, exposed as it is to the sun, wind, and rain, 
is an exciting place for observing the forces of nature at work. The trees on 
the street announce the changing seasons. The street becomes a “rainshed 
area” and the gutter a “river bed” whenever it rains. Sparrows, gulls, squirrels, 
and insects are among the wild animals that may be observed. A host of 
others abounds in nearby parks and beaches. The surface of the City reveals 
its past; its rivers, lakes, rocks, and stones bear evidence of the glaciers 
which advanced over it until some 25,000 years ago. Placed as it is on the 
great Atlantic flyway, one of four main paths taken by migrating birds, New 
York City is a stopover for many of them. 

In keeping with the principle that science for children should be rooted in 
first-hand experiences in the real world, neighborhood trips form an essential 
part of the science program. In this real world children see real buildings 
going up, real machines at work, real changes in the seasons real sun and 
clouds, real hills and valleys. 

The following guidelines for trips are suggested: 

1. There should be a good reason for making the trip, and children should 
know the reason. 

2. There should be planning for safety, transportation, time schedule, 
collecting, note-taking, permissions. 

3. The teacher should make a preliminary trip to determine the suitability 
of the place to be studied. 

4. There should be group discussions about conduct and courtesy on the 
trip. 

5. There may be some division of specific responsibilities for observing, 
collecting, and other simple duties. 

6. Do not hurry children. A second trip to the same locale is often 
essential. 

7. Follow-up after the trip may include discussion, displays, and reports. 

Many trips are suggested in this handbook. The Curriculum Report, 
Operation New York, gives fuller descriptions of walks which may be taken 
to explore neighborhood resources, such as those which follow. 

1. A walk to study natural and man-made rocks and their uses, in and 
around the school building and in the immediate neighborhood. For example, 
various kinds of colored stones, rocks of different textures and appearances, 
concrete, pebbles, and cut stones for driveways, colored-glass store fronts, 
plaster, and even porcelain (baked clay) sinks and tile in hallways. 

2. A walk to discover hills in the neighborhood. 
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3. A trip to see the continuous natural process of building up and tearing 
down. This includes the erosion of soil which forms gullies and exposes the 
roots of trees, the rusting of iron, the expansion and cracking of sidewalks 
and stones, the decaying of leaves, and the breaking of dead twigs. 

4. Visits to locations around the school where one can study seasonal 

changes of trees, shrubs, hedges, flowers, buds, weeds, seed pods, leaves 
lawns, and vines. F 

5. Surveying the neighborhood to see at first hand the surprising varieties 
of animals found in a city, and the tenacity and abundance of such life. 
Included are birds, furry animals, insects, and fish. 

5. Investigating buildings under contsruction, studying uses of various 
materials, tools, and vehicles. 

7. A picnic in a park where children can learn about a lake, a swamp 

waterfalls, flowers, and trees. 5 

8. A visit to the harbor. 

9. An outing to a sandy ocean beach for dozens of fascinating observations 
and discoveries. 

10. Walks to find and explain sounds and odors in the neighborhood. 

11. A walk to see machines at work in the neighborhood. 

12. A walk to see different forms of transportation in the neighborhood. 

13. A walk to see different forms of artificial light in the neighborhood. 

THE SCHOOL GARDEN 
IN THE SCIENCE PROGRAM 

The school garden is an outdoor classroom for science education. Here 
children can observe living plants in a natural environment of soil, sunlight, 
air, and water. It is a laboratory where children discover what plants need in 
order to grow, how plants change as they grow, how long it takes different 
plants to mature, how plants grow under different conditions, what happens 
when plants are too crowded, how plants change as the seasons change. 

Tor city children especially, the school garden is a place for many surprises 
and weights. Foods such as beans and peas, which may have been seen 
coming only from a can or a frozen-food package, are now seen growing and 
ripening on living plants. A salad made in the classroom from radishes and 
lettuce freshly harvested by children from their own garden is a rare treat. 
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Carrots, turnips, Swiss chard, spinach, and peanuts are some of the other 
food plants which are easily grown in school gardens. There may be a harvest 
of the spring planting in June or of the summer planting in September. Not 
to be ignored are the exotic aromas and rich colors of garden flowers. 

As children work with garden tools they learn about their proper use and 
care. They find out about the value of the hoe in breaking lumps of soil, of 
the rake for removing pebbles and stones and for smoothing the soil, of the 
sprinkling can (younger children) hose (older children) for watering it. 

Areas other than science are enriched by gardening experiences. One of the 
most valuable experiences is that which leads to improved interpersonal rela- 
tionships. Recognition and understanding of a fellow planter’s needs and 
desires grow as a gardening project develops. The school garden is also a 
laboratory in language arts, providing as it does a common basis for inter- 
change of ideas, for discussion and writing of plans, and for recording the 
observations that follow. Some mathematics is used in planning and laying 
out the rows, and in measuring the growth of plants. 

The school garden is a place where children observe the forces of nature at 
work. A downpour of rain makes gullies and washes away some of the 
precious topsoil; a drought dries the soil and makes it dusty, and causes the 
plants to wilt and droop. Children note that plants in the sunny part of the 
garden grow differently from those in the part which has less sunlight. 

The school garden is a great teacher. Here children learn the dependerce 
of man on plant and animal life and on the relation of this life to air, sun, 
soil, and water. And when children see that what they do makes a difference, 
they have learned one of the prime concepts of conservation. 



EVALUATION 

Evaluation is an integral part of the learning process. It starts when teach- 
ing starts, and goes on long after a lesson or unit is completed. “Success” is 
revealed to the teacher by many signs. It may be simply the gleams in 
children’s eyes or the smiles on their faces. In early childhood, it may be the 
painting and blockbuilding that children engage in following a science ex- 
perience. It may be children’s capacity to put a science principle to work in 
a new situation. It may be the number and kinds of questions that children 
ask. It may be their answers to such questions as, “What are we trying to 
find out?” or, “What did we learn?” It may be their skill in manipulating 
materials, their involvement in long-range projects. It may be what children 
do after they leave the school building: the hobbies they pursue, the games 
they play, books they read, radio and television programs they observe. 
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Science is both knowledge and process. It consists of knowledge in the 
form of facts and principles; it consists of the processes employed by sci- 
entists: hypothesizing, experimenting and generalizing. Science teaching is 
concerned with both of these characteristics. We are concerned, for example, 
with a child’s knowing that outdoor shadows change in a certain way during 
the day and with his knowing how to find out that they change. It follows 
that our evaluation of science teaching must take both of these facets into 
acoount. Since it is difficult to conduct tests for the processes of science, it 
is necessary for the teacher to employ other methods of evaluation, as in- 
dicated in the foregoing paragraph. 

At the end of each topic in Grades 3 and 4, there is a section entitled 
Evaluative Activities. Teachers may use these questions and activities as 
models, selecting appropriate ones, and adapting others. The answers which 
are provided are typical and suggestive; the teacher should expect and accept 
other words and other ideas as well. The illustrations suggest how questions 
and answers may be adapted for children with language difficulties. 

It should be emphasized again that evaluation takes place all the time, 
not merely at the completion of a topic. Evaluation serves as a sensitive 
instrument to guide the process of learning, moment by moment. This Hand- 
book is designed to foster evaluation as a built-in characteristic of teaching 
and of learning. 

The following are some significant objectives and goals that the science 
curriculum is designed to promote. 



Objectives 



Goals 



Can children: 

1. set up experiments 

2. state the problem 



Arc children: 

1. inc-asing their interest in science 

2. increasing their awareness of their 



3. suggest ways to solve a 



environment 

3. reading science periodicals and 



problem 

4. manipulate materials 



books 

4. engaging in science activities on 



5. record data 

6. interpret data 



their own 

5. developing keener observation 

6. seeking answers to their own 



7. generalize from the results 



questions 

7. distinguishing fact from fancy 



of an experiment 
8. state new concepts 



8. beginning to expect order and 
predictability in relation to nat- 
ural phenomena? 



9. apply these concepts? 
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For the purposes of evaluation, objectives, as used in the preceding, may 
be defined as the short-term and limited aims of a single topic or portion of 
the curriculum. Goals are here defined as the long-term and broad-scope aims 
of the entire science curriculum. 



PLANNING FOR YOUR YEAR IN SCIENCE 

Many teachers have asked for suggestions in planning their year in science. 
There can be no one way of scheduling that will apply to all teachers and 
children, since the placement, depth, and duration of any science topic de- 
pends on many variables: on pupil interest, maturity, experiential back- 
ground, language difficulties, on unexpected and unusual happenings. Thus 
a new building excavation in the neighborhood will certainly influence the 
scheduling of the Grade 3 study of rocks and soil. 

There are, however, certain constants which the teacher can depend on in 
planning science: the logical sequence of science concepts, the sequence of 
themes which have been planned in other curriculum areas, the changing 
seasons, holidays and other special days. 

The sample schedules shown here reflect some of the constant factors 
which enter long-range planning. The teacher may use these as a guide, but 
should design her own so as to include the variable factors that enter into 
her own situation. Note that a topic may be taught in its entirety, without 
a break, or that it may be sub-divided into several sub-topics, to be taught 
at different times during the school year. It should also be noted that science 
may occur without formal scheduling. For example, in Grade 4, plants are 
studied, but not animals. There is no reason however, why a fourth grade 
class should not keep fish, chameleons, salamanders, insects, in their class- 
room aquarium or terrarium. 

To summarize, the science schedule planned for the year should be struc- 
tured to serve as a useful framework, but flexible enough to meet the special 
needs of children, and to make the most of the unexpected and the unusual. 
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GRADE IV 


Finding Direction With a Compass 


Our Nearest Neighbor in Space: 
The Moon 


Getting New Plants 


Sounds Travel; Sounds Can Be 
Recorded 


♦Weather and Climate From 
Season to Season 


Moving Things More Easily 


The Water We Use 
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♦Period selected will depend on seasonal change to be studied. See pages 228-229. 
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♦Pages indicated for topics in Kindergarten, Grades 1 and 2 refer to Science: Grades K-2. 





Grade Three 




26 



« 

ft 

y 

H 

i 



t 



( 

I 




A. ELECTRICITY AROUND US 



Background for the Teacher 

Seldom has man been made more aware of his dependence on electricity 
than on the evening of November 9, 1965 when 30 million people, 
living in an area of 80,000 square miles, embracing parts of eight of 
our states and most of Canada’s Ontario province, were plunged into 
silent blackness by a power failure. In New York City the blackout lasted 
for about thirteen hours. During this time 630 subways trains gasped 
to a halt with 800,000 passengers trapped in them. In hundreds of stalled 
elevators, office workers were suspended between earth and sky. Traffic 
lights failed and main arteries became snarled. Drivers ran out of gas 
only to discover that gasoline pumps could not work without electricity. 
Apartment buzzers summoned nobody and fire alarms were mute. Air- 
ports, post offices, computers, television sets, refrigerators — all stopped 
functioning. The entire Northeast seemed to have fallen victim to its 
elaborate grid of power networks that girdle the region. As never before, 
people were alerted to the role that electricity plays in their lives — in 
providing energy for the light, sound, heat, and motion in the countless 
devices of modem civilization. 
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Approaches and Learnings for the Child 

Children are familiar with electrical devices such as lighting fixtures, 
television sets, vacuum cleaners, refrigerators, and electric bells. Al- 
though it is not intended that, at this time, they learn how electrical 
devices work, we can increase their awareness of the things electricity 
does for us in the school, home, and community. We can also help them 
acquire certain habits of safety in relation to electricity. 

CAUTION: At no time do children experiment with devices that are 
plugged into the electric current outlets found in buildings. 

From the activities suggested, children learn the following. 

Electricity is used to do many jobs for us. 

Electricity gives us light, heat, sound, and motion. 
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1. What things in our school are worked by electricity? 

Children look around the classroom and take a trip through the building 
to discover electrical devices. Where possible, they observe the wires 
leading to the devices. 

Ask the custodian to help. The following are some electrical devices 
that may be observed: overhead light fixtures, desk lamps, electric 
mimeograph machines, hot plates, various kinds of projection machines, 
tape recorders, intercoms, record players, radios, or other appliances 
with visible attachments to electric outlets. 

• Many things in our building are worked by electricity .* 

& Electricity goes through wires. 

• Electricity gives us light. 

• Electricity makes things move. 

• Electricity makes bells ring. 

• Electricity makes radios, television sets, moving picture projectors, 
and record players work. 

• Electric appliances should be plugged in by grown-ups. 




2. What things on our street are worked by electricity? 

Take the class on a trip outside the school to discover electrical devices 
such as street and traffic lights, electric signs, door bell switches, electric 



* Statements set in italics and following bullets < • ) are understandings which may 
result from the activities. 
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GRADE THREE 

and telephone wires, electrical tools being used by workmen; lights, 
horns, and radios on automobiles. 

• Electricity is used to do many jobs for us in our neighborhood. 

• Electricity helps light our streets at night. 

• Electricity helps move traffic safely. 

• Electricity helps carry telephone messages. 

• Electric tools help men drill, dig, saw, and lift things. 

3. What things in your kitchen are worked by electricity? 

Ask children to observe the electrical devices in their kitchens and tell 
about them in class the next day. The following are typical. 

Electricity helps keep our food cold, cook it, chop, slice and mix it. 

Electricity helps us light the room, run clocks, toast bread, iron clothes. 

Have the children make scrapbooks to illustrate this theme. 

• We use electricity to do many jobs for us. 

4. What toys are worked by electricity? 

Have children bring to school and display any battery-operated electrical 
toys they may have, such as electric telephones, truck?, cars, tractors, 
toys with lights, robots, or toy fans and vacuum cleaners. If possible, 
have them discover the source of electricity (dry cell) and its use. 

• In many toys the electricity comes from a dry cell. 

• Electricity makes the toys light up, move, and make sounds. 

EVALUATIVE ACTIVITIES 

1. From magazines and newspapers obtain pictures of busy street scenes, home 
interiors, factories, and other places utilizing electrical devices. Have the 
children point out and discuss the various uses of electricity. 

Play this game. See which team is first to find five places where electricity 
makes things move, or produce sounds, or light up. Ask children to invent 
other games using the pictures. 

2. Have a classroom science fair or electrical exhibition where the children bring 
in many small electrical devices. Each child acts as a demonstrator and “sales- 
man” for a particular item. He discusses the uses, advantages, safety, price, 
and other special features. Each child stands behind a desk which serves as 
a demonstration booth. The children find out all they can about their own 
items. Signs arid labels may be made. Invite other classes to visit. 
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B. ELECTRICITY TRAVELS IN A CIRCUIT 

Background for the Teacher i 

To understand electricity, it is essential to know something about elec- gf 
trons. Electrons are particles found in the atoms of all substances. In gj 
a basic sense, therefore, all substances are electrical in nature. Thus it jj 
is not possible to “make” electricity; all that is needed is a “push” to H 
start a flow of electrons in one direction. Current electricity, then, is a P 
stream or a flow of electrons. This stream or current flows in a continuous f§l 
path from a source of energy, through the device to be operated, back H 
again to the source of energy and so on. This complete path is called a §§j 
circuit. g§ 

When we say that electricity flows through a copper wire in a circuit, j| 
what really happens is that each atom of copper in that wire is passing ||j 
some of its electrons on to neighboring atoms. The neighboring atoms P 
do the same, and so on along the wire. An electric circuit may be com- | -j 
pared to a circle of children, each with pieces of chalk in his hand. Each P 
child represents an atom in the wire; the chalk represents electrons of f j 
that atom. When each child passes a piece of chalk to his neighbor a U 
“current” is flowing. This analogy, however, is imperfect because the I j 
chalk is not really a natural part of each child in the sense that an I | 
electron is a part of each atom. [ ] 

A “dry” cell, used as a source of electrical energy in the experiments in j j 
this topic, is not actually dry: some of its components are moist. When 
the cell is connected in a circuit, chemical action within the cell supplies 
the energy to give the “push” needed to start a flow of electrons around 
the circuit. 

Electricity can move easily through certain solids such as metals. These 
materials are called conductors. Other materials, such as glass and rubber, 
prevent the movement or flow of electrons. Such materials are insulators. 

If a means of breaking the circuit is provided, a current can be started j 
or stopped at will. Thus, switches are used to close or open a circuit. A 
knife switch is one of the simple types of switches. When its blade is 
down, that is, when it is touching the fixed part of the switch, there is 
a continuous flow of electrons through the switch. When the blade is 
raised, the circuit is broken and the flow of electrons is stopped. An 
ordinary pushbutton is another kind of switch. It usually contains a coil 
or spring which opens the circuit when the button is released. A switch 
may be inserted in any part of a circuit because it does not matter where 
the circuit is broken. L 
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Approaches and Learnings for the Child 

The experiences listed here are based on the use of dry cells. Children 
must be warned that they are not to use house current. Each child should 
be given a number of opportunities to wire the various devices so that 
he can discover for himself how a complete circuit makes the device 
“work.” Children should be encouraged to bring in objects operated by 
dry cells, such as quiz games and telegraph sets, in order to study as 
many simple circuits as possible. From the activities suggested, children 
learn the following. 
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Electricity travels in a circuit. 



A dry cell is a source of electricity. 

A switch is used to make or break an electric circuit. 



Metals are good conductors of electricity. 

Non-metals generally are poor conductors of electricity and may be 
used as insulators. 



Insulators prevent electricity from going where it is not wanted. 



1. How can a dry cell be connected to a bulb to make it light, or 
to a bell to make it ring? 

Present the bulb or bell, dry cell, and wire and ask children to suggest 
how to hook them up. Follow their instructions, even making errors, 
and see what happens. Give all the children an opportunity to make an 
electric circuit using the dry cell, wire, and bell or bulb. 

Point out that dry cells, bells, and bulbs each have two connections 
(posts or terminals), so that electricity can enter the device by one 
and leave by the other. Electricity travels in a circuit (a word which 
sounds like “circle”). 

Note: Any type of insulated wire can be used, 
providing the insulation is removed where the 
wire is attached to the terminals. All wire con- 
nections should be tight if electricity is to flow 
steadily through them. 

Wlro attached to terminal. 

The most suitable wire is bell wire, which is a solid wire with insulation 
of plastic, rubber or cotton. 
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The large #6 dry cell is rated at IV 2 volts. A small flashlight cell also 
can be used if arrangements are made for attaching wires to it. On the 
E-l Science Supply List (Item number 14-2408) there is a dry cell holder 
which may be used very effectively. Ask children to suggest other ways of 
using flashlight cells conveniently. 




Connecting wires to a flashlight ceil 

a) using a rubber band 

b) using a dry ceil holder. 



To make connections quickly, for demonstration purposes or for practice, 
attach the wire to a test clip. Test clips can be ordered from the E-l 
List, item number 14-2408. 




Two kinds of test clips. 



When not in use, the wires should be disconnected from the dry cell. 
Bare wires should never touch each other or the frame of the bell. 

On the chalkboard or a chart, make a drawing of a complete circuit' 
This is also called a closed circuit. Have children use a pointer to trace 
the path of electricity from a dry cell terminal through a wire to one 





connection of the bulb, through the bulb, and back through the wire to 
the other dry cell terminal. 

Drill until the class becomes familiar with tracing circuits. Also use a 
drawing which shows a bell instead of the bulb. 

In addition to drill work from drawings, have the children trace circuits 
using actual materials. 




• Bells ring and bulbs light when electricity passes through them. 

• The dry cell supplies electricity. 

• The bell, bulb, and dry cell each have two connections to allow 
electricity to move through them. 

TIPS ON MAKING DRY CELLS LAST LONGER 

It is worthwhile to allow children to experiment with different arrangements 
when wiring bells or bulbs to dry cells. Unless precautions are taken, however, 
this activity could deplete the school’s stock of dry cells quickly. 

The teacher can help preserve the cells by explaining to the children that at no 
ti?ue should a wire be connected directly across the terminals of a dry cell for 
more than an instant. When bells and bulbs are properly connected to dry cells, 
the current in the circuit is limited by the devices. But when a wire is placed 
directly across the terminals of the dry cell, a very large current flows through 
the wire. This is called a SHORT CIRCUIT. 
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Since a dry cell has only a limited electrical capacity, a short circuit can drain 
it severely. In addition, the excessive current will make the wire causing the short 
very hot. The wire should be disconnected quickly and carefully. Frequently the 
rapid chemical action during the short eats holes in the zinc case of the cell 
through which the contents can leak out. 

The two wires connected to the dry cell terminals may touch at some distance 

away in the circuit. This also results in a short circuit equivalent to the direct 
short. 

Children should be taught to recognize and avoid these “shorts.” 

During the children’s experimentation the teacher should move among them and 
call attention to possible short circuits. Good housekeeping also dictates that all 
dry cells should be disconnected at the end of the practice period. 

Dry cells used in science fair exhibits will deteriorate rapidly, if excessive current 
drains and short circuits are not avoided. A good rule to follow to prevent such 
waste is to place switches in every circuit. For bells and lights one may use 
knife switches or, preferably, pushbutton switches. However, since electromagnets 
give no audible or visible evidence of being activated, these should be controlled 
ONLY BY PUSHBUTTON SWITCHES. These switches are automatically in 
the OFF position when not in use. 
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A switch makes or breaks an electric circuit. 

2. How can we make a bell or light go on and off? 

Ask children to suggest ways of making the bell or light work. If they 
experiment with the materials and the circuit as in Problem 1, they will 
discover that when any wire is disconnected, the device stops working. 
(Electric equipment ceases to operate when the flow of electricity is 
interrupted.) Restoring the connection makes the device work again. 
A switch or pushbutton may be used to start or stop the flow of current, 
because it connects and disconnects the wires in a circuit. Connect a 
circuit using a knife switch as illustrated. Ask children to invent other 
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ways of turning the devices on or off. This may lead to the construction 
of many kinds of switches. A few are shown in the illustration. The 
children should test all of these in circuits to judge their effectiveness. 

• We can make a bell ring or a light go on by completing a circuit. 

• We can silence a bell or put out a light by breaking the circuit. 

• A switch may be used to make or break an electrical circuit. 

3. Which substances carry electricity and which do not? 

Ask the children to suggest answers to this question and to gather ma- 
terials to be tested. Try paper, eraser, plastic button, key, coins, cloth, 
string, chalk, glass, nail, nail file, insulated wire, and bare wire. Ask 
children to devise a “tester” for determining whether or not a material 
will carry electricity. Allow them to develop their ideas and determine 
whether their invention works. One way is to test the material by placing 
it in a circuit with a light or bell across an open knife switch, or in 
a tester made with thumb tacks. If the light glows or the bell rings, 
the material carries electricity. 



Using a switch to determine whether or not a substance can 

conduct electricity. 

Call to the attention of the children that materials which carry electricity 
are called conductors. Materials which do not carry electricity are non- 
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conductors (insulators). The copper of a wire is a conductor; its cover- 
ing is an insulator. 

• Metals conduct electricity well. 

• N on-metallic materials such as rubber, cloth, plastic, and wood conduct 
electricity very poorly. They are insulators. 

• Electric wire is commonly made of copper. 

• Insulation prevents electricity from going where it is not wanted. 

4, How does a flashlight work? 

Develop understanding on the part of the children that the flashlight 
is an electrical device which makes use of a switch, insulators and con- 
ductors, dry cells and a bulb. 

Discuss the uses of a flashlight in the home, in games, in Scout activities, 
in camp, by mechanics, doctors, motorists, janitors, policemen, and 
firemen. Encourage children to bring in various kinds of flashlights and 
take them apart, removing the bulb and the dry cells. 

Discuss the function of each part. 

Ask children to make the bulb light 
without using the flashlight case. 

(ft j) wirej From the previous experiences with 
electric circuits they will probably 
ask for a conductor such as a wire 
to help them light the bulb. They 
may use a length of wire, as shown. 

After they succeed, they reassemble 
the flashlights. 

Pupils may be challenged to find 
the circuit in a flashlight and to 
determine where the circuit is com- 
pleted and broken. 

Th» circuit In a flashlight. 



Note: In metal flashlights, the case is part of the circuit. In a two-cell 
flashlight, the cells must be inserted so that the bottom of one cell 
touches the top of the other in order to provide the proper electrical 
circuit. Allow children to try placing the cells in various positions to 
discover for themselves which way works best. 

• A flashlight contains an electric circuit controlled by a switch. 
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EVALUATIVE ACTIVITIES 



1. Have children complete the circuits by drawing pencil lines between the 
correct terminals (large dots) . 





ANSWER: 









o 






2. Tell what is wrong with each picture. 

a) (Both wires go to the same terminal of the bell; one wire should be shifted 
S to the other terminal; there is no circuit; the bell would not ring; there 

I is a short circuit.) 

! b) (The dry cell is short circuited; the wire will get very hot; you will spoil 

the dry cell.) 

c) (One wire is needed to connect the switch to the bulb; a wire is missing; 
the circuit is not completed.) 

d) (Paper will not carry electricity; the switch is not closed; the circuit is 
not complete; the bulb would not light.) 

e) (The switch is not closed; the bell would not ring; the circuit is not 
complete.) 

!'• 

if 
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3. Belcw is a list of materials. Some do and some do not conduct electricity. 
Put a circle around the materials which do conduct electricity well. (Brass 
key, iron nail, copper coin, alumnum foil, steel spring, gold chain, silver 



bracelet.) 

wood 
paper 
brass key 
iron nail 
plastic ring 
rope 
leather 



copper coin 
aluminum foil 
water 
steel spring 
gold chain 
cloth 
hair 



silver bracelet 
bread 

rubber band 
stone 

ordinary paint 

glass 

felt 



4. A boy connected a dry cell, a switch, and a bulb, but found that the bulb did 
not light. 

a. What might the trouble be? 

b. How could you be sure? Below are some possible answers. 



Trouble 



Some Answers 

How to Be Sure 



The bulb is broken. 

The bulb is not screwed in tightly. 

The socket is broken. 

The wires are loose. 

The dry cell is dead. 

The boy forgot to take off die in- 
sulation from tire outside of the wire. 

The switch is not working. 

The boy did not make a circuit. 



Try a new bulb. 

Try screwing it in tightly. 

Try a new socket. 

Tighten all connections. 

Try a fresh dry cell. 

Check this. If the insulation is not off, 
scrape it off. 

See if tire switch makes a tight con- 
nection or try another switch'. 

Check the wires. See if you can make 
the bulb light by changing them. 



5. Show children a Motormite (a tiny motor with terminals, available from the 
E-l List ) . Ask children to suggest or demonstrate how to connect a dry cell, 
switch, and wires to the motor to make it run. (Does the motor run? Do 
children apply the principle of a complete circuit?) 



BASIC SUPPLY LIST 
FOR ELECTRICITY IN EVERYDAY LIFE 



* Indicates quantity for entire class; other quantities 
specified are for each group of 4 children. 



E-l: Science Supply List 

*1 Rot Plate 
2 Bells 

20 ft. Annunciator Wire 
2 Miniature Lamps 
2 Miniature Sockets 
2 Battery Holders 



4 Test Clips 
4 ft. bare Wire 
2 Knife Switches 
2 Push Buttons 
1 Motormite 
1 Dry cell 
1 roll Aluminum Foil 



G-l: General Supply List 

2 Flashlight Cells 

1 Flashlight 

1 — 12" wooden Ruler 

Chalk 

Eraser 

Miscellaneous: 

Assorted metallic and 
non-metallic Objects 
plastic Buttons 
iron Nails 
Nail File 
Keys 



*Paper 

^'Rubber Bands 
Thumb Tack 
*Ball of String 

(warp, thread white) 



copper Coins 
pieces of Leather 
Cloth 

glass Tumbler 
String 
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A. NIGHT AND DAY 



Background for the Teacher 



Long ago, people believed that the sun rose in the east, traveled across 
the sky and then sank down behind the land in the west. It is now 
known that the sun only seems to do this; it is really the earth which 
does the moving as it turns on its axis. Itmoves in the direction opposite 
to that in which the sun apparently moves. The sequence of day and 
night depends on this turning of die earth. Since the earth is round, 
the sun lights only the part that is turned toward it; people on that part 
of the earth experience day. On the part of the earth that is turned away 
from the sun people experience night. 



Since the earth makes one complete turn in twenty-four hours, the se- 
quence of day and night takes twenty-four hours. At the same time 
that the earth is spinning (rotating), it is traveling around the sun (re- 
volving) in a path that is almost a circle. It is because our earth rotates 
on its axis 36514 times as it makes one revolution around the sun 
that we have 36514 days in a year. 

Today no one questions the roundness of the earth. Aerial photographs 
taken by rockets and the observations of astronauts have provided us 
with a direct view of the earth. 



It is important to understand that the rotation of the earth is a counter- 
clockwise motion when viewed from a position in space “above” the 
North Pole. In turning a classroom globe in any of the activities which ; 
follow, the turning should always be counterclockwise. The revolution j j 
not only of the earth, but of all the planets in the solar system, is counter - j 

clockwise. ! 1 

1 ; 

; | 

Since the earth turns on its axis once in twenty-four hours, a person j j 
standing at the equator travels a distance equal to the circumference | | 
of the earth, or 24,000 miles, in one day. His speed amounts to 24,000 j j 
miles divided by twenty-four hours, or about 1,000 miles per hour. Li 
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A person at the North Pole would not move at all in relation to the g 
axis of the earth: the distance he travels is zero and his speed is zero H 
miles per hour. A person in New York (which is located between the H 
North Pole and the equator) travels only 14 V 2 thousand miles a day, Sj 
or at a rate of about 600 miles per hour. fjj 

Approaches and Learnings for the Child [| 

Children are aware of day and night but need help in understanding the | 
basic causes of this daily cycle. The teacher guides them to more careful j j 
observation of the sun’s apparent movement across the sky. They are il 
encouraged, with the aid of models, to adopt a space view and to see ! 1 
the earth as a round body that is lighted by the sun. PI 

From the activities suggested, children learn the following. S3 

The earth is round. pi 

The earth turns. 

One half of the earth is lighted by the sun at any one time. tf 

The turning of the earth brings day and night. j 

Day follows night; night follows day. { j 

r i ' j 

In one year, the earth moves around the sun once. u 

1. How does the earth look to an astronaut? 

The purpose of this question is to encourage children to use their 
imagination about the earth in space, to help them review their knowl- 
edge, and to help them adopt a space viewpoint of the earth. Encourage 
a free and full discussion of this question. 

The following questions may be useful in guiding discussion of the 
earth in space. 

Does the earth look dark or light? (Part is dark and part is light.) 
Which part is light? (The part the sun is shining on.) 

Which part is dark? (The other side.) 

How does the astronaut know which portion of the earth he is seeing? 
(By the continents and oceans he sees.) 

What shape does the earth seem to have? (Curved.) 

Can the astronaut see anything on the dark side of the earth? (Perhaps 
the glow from the electric lights of big cities.) 

Does anything ever hide part of the earth from the astronaut’s view? 
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(At times, clouds may or a man-made satellite or another space vehicle.) 

What else might an astronaut see? (Other satellites, the moon, the sun, 
stars.) 

The foregoing questions and others that may be asked by the children 
and the teacher need not be answered at this rc’nt, since the activities 
which follow will consider many of them in di.iail. It may be helpful 
to introduce a globe of the earth and to help children understand that 
when they look at it, they are having a kind of “space” view of a model 
of the earth. 

• The earth is round. 

• Part of the earth is dark and part is light at any one time. 

• The earth does not rest on anything in space. 

• The earth is in space. 

• The sun shines on the earth. 

2. How do we know the earth is round? 

Discuss this belief with the children. Perhaps they will suggest evidence 
they have heard of, such as: ships have sailed around the earth, air- 
planes have flown around the earth, satellites have gone around the 
earth, astronauts have gone around the earth, and high altitude pho- 
tographs taken in rockets show the curvature of the earth. 

Using a globe, develop the idea that it is a small model of the earth 
and that any ball can be used to represent the earth. 

• It has been found in many ways that the earth is round. 

• A globe is a model of the earth . 





3. How much of the earth is lighted by the sun? 

Shine a light on a globe or large ball. For this purpose the sunlight, a 
flashlight, a candle, or a projection machine may be used. Set up a globe 
and projection machine (or a flashlight) so that the globe is evenly 
lighted on one side by the beam of light. This will, show up well if the 
projection machine is not too close to the globe. Move the globe back 
and forth until half of it is evenly lighted. The lens of the projection 
machine should be at the same height as the middle of the globe. Draw 

the shades in the room to increase the contrast between the lighted half 
and the dark half. 

Children should be helped to understand that the globe represents the 
earth, that the flashlight, candle, or projection machine represents the 
sun and that the light from these sources represents the sunlight. Although 
the children see only the representational materials at this time, class 
discussion should help children arrive at the following understandings. 

• Half of the earth is lighted by the sun at one time. 

• Half of the earth is not lighted by the sun at one time. 

4. Where do we have day? Where do we have night? 

Place a globe near or on a window sill, or in any other part of the room 
where it is fully in the sunshine, or take the globe to a sunny place 
outdoors. Observe that one-half of the surface of the globe is lighted 
and that the other half is in the shade. Develop the idea that the part 
of the earth that is lighted has day while the part in the dark has night. 
If it is not feasible to do this in sunlight, use a flashlight or projection 
machine to represent the sun, setting up the model as in Problem 3. 

• The half of the earth facing the sun is lighted up; this part has day. 

• The half of the earth away from the sun is not lighted up; this part 
has night. 

5. When i* is daytime for us. what is it for people on the other side 
of the earth? 

Indicate where New York City is on a geographic globe. Mark this spot 
in any convenient way. Indicate a similar spot on the other side of the 
earth (Tokyo). Mark this so that the two may be easily distinguished. 

Place the globe in sunlight. If this isn’t feasible, set up a model such 
as the one used in Problem 3. Begin by putting “New York City” in 
sunlight. Develop the idea that we have day at this time and that, at 
the same time, the spot on the other side of the earth has night. Turn 
the globe slowly (counterclockwise as seen from above) until New 
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Demonstrating night and day. 

York City is turned away from the sun and the spot marked opposite it 
is now in the sun. Repeat this a number of times. The children will see 
that when we have day, the people on the other side of the earth have 
night. When we have night, they have day. 

• When we have day, the opposite side of the earth has night. 

• When we have night, the opposite side of the earth has day. 



6. Why does day follow night? Why does night follow day? 

Set up a globe in full sunlight. (Do this outdoors, if necessary.) Turn 
the globe slowly (counterclockwise as viewed from above) while the 
class observes that the part which is in the sunlight moves into the shade 
(night) and the part in the shade moves into the light (day). An 
alternate method may be to set up the model as in Problem 3. 

The children should be made aware of the fact that the light source (sun) 
is not moving and that the globe (earth) is rotating. This motion of 
the earth makes it appear as though the sun were moving across the sky. 

j • As the earth turns, the part which faces the sun has day, the part away 

| from the sun has night. 

| • Day follows night, night follows day, because the earth is turning and 

only one-half of the earth is lighted at one time. 

:i • One complete turn of the earth takes twenty-four hours. 

\ 

7. At different times during the day where does the sun appear 
in the sky? 

Take the children into the school yard at nine o’clock, at noon, and at 
three o’clock to note the position of the sun in the sky at these or other 
convenient times. Repeat at the same times for several days in succession. 
These observations can also be noted by observing the position of the 
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sun from a classroom window. Review the idea that the sun does not 
actually move. As the earth turns the sun appears to move. 

• The sun appears low in the east in the morning. 

• The sun appears highest in the sky at noon. 

• The sun appears low in the west in late afternoon. 

• Because the earth turns steadily, the sun seems to move across the 
sky each day. 

8. How many miles do you travel during one turn of the earth? 

Discuss with the children that our earth turns (rotates) in a silent, steady 
path around its axis; that we are turning at a speed of about 600 miles 
per hour in New York City. Ask children to tell at what speeds they 
have travelled in the family car, in a train or airplane. Discussion may 
lead children to understand that we do not feel this rapid motion of 
the earth because it is so even and smooth and because everything else 
on earth — even the air — moves along with us. We would feel the motion 
if there were a sudden increase or decrease in speed. Children recall 
experiences of sudden stops and starts in subway trains or buses. 

Where on earth are people rotated faster than in New York? (Nearer 
to the equator.) More slowly than in New York? (Nearer to the poles.) 
Where on earth are people being rotated more slowly? (Near the poles.) 
Note: Some children may also know that while the earth is rotating, it 
is also moving in a path around the sun. The second motion of the earth 
is called revolution. The earth moves at the average rate of 66,600 miles 
an hour around the sun. The length of time that it takes for the earth 
to go around the sun once is called a year. Ask the children how many 
trips they have taken around the sun. (The answer is equivalent to their 
chronological age.) 

• The earth rotates at a steady speed. 

• In New York City we rotate at a speed of 600 miles an hour. 




The distance travelled depends on where you are. 
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EVALUATIVE ACTIVITIES 



1. In pictu 


re A, is it day 


or night in New York? (Day.) 




> — ^ 


) 










j 


) , 


s — 


2. In pictur 


e B, is it day or night in New York? (Night.) 




£ 


> , 





3. In picture C, color the part of the earth that has night. (Right-hand side.) 




4. In picture D, the upper drawing shows where New York City is at noon. 
On the lower drawing, mark an “X” to show where New York City would 
be at 12 midnight (Near the right edge.) 

5. Take children outdoors on the morning of a sunny day. If possible, have them 
sit in a circle in a suitable place. Ask them to point to the sun. Ask: Where 
was the sun earlier this morning? (Children point lower in the sky and farther 
east.) Where will the sun be later this morning? (Children point higher 
in the sky and farther west.) Where will the sun be later in the afternoon? 
(Children point lower in the sky and farther west.) Where will the sun be 
when it sets? (Children point to the western horizon.) 
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Where will the sun rise tomorrow morning? (They point to the eastern 
horizon.) Which way does the sun seem to move? (They span the sky from 
east to west.) Is the sun moving? (No.) What makes it seem to move? 
(The earth is turning.) Which way does the earth turn? (Children span the 
sky from west to east.) Can you feel the earth turning? (No.) Why no^ 
(It and all on it turn smoothly and steadily.) How fast are we moving on 
the earth? (600 miles per hour; as fast as a jet plane.) Why don’t we feel a 
breeze? (The air turns with the earth.) 

B. TELLING TIME 

Background for the Teacher m 

The motions of the earth give us two of our units of time— the day and 1 
the year. The period of time required for the earth to rotate once on 1 
its axis (see page 41) gives us our day. The interval during which the 1 
earth revolves around the sun gives us our year. W 

Man’s need to measure time in units smaller than a year or a day led 
to the invention of various devices, such as the sundial, the hourglass, 0 
the clepsydra or water clock, and the marked candle. These made it |f 
possible to measure off smaller periods of time such as the hour, which f f 
represents 1/24 of a day. Present-day watches and clocks are made to ■ j 
go by springs, or pulses of electricity, which keep the mechanism mov- I 

mg at an unchanging rate. It is therefore possible to reduce the time j 

intervals to minutes and seconds. The most accurate device for measuring > 
time, however, is he atomic clock. This clock “ticks” billions of times f 

each second and is regulated by the “wobble” of atoms of the element I 
called cesium. 

Approaches and Learnings for the Child 

' I 

Children are familiar with the many kinds of mechanical and electrical 
watches and clocks commonly used for measuring time. The experiences I 
in this topic will help children to appreciate such ancient time devices 
as the hourglass, the water clock (clepsydra) and the marked candle. 

They will also understand that the measurement of the larger units 

of time— the day and the year— have their origin in the movement of 
astronomical bodies. 

From the activities suggested, children learn the following. 

The earths steady turning makes it a kind of clock. j 

Clocks and watches are made to run by various methods. 

Clocks and watches of today are more accurate than those of the past. L 
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1. How do we tell time? 

Ask children, after securing permission from home, to bring in a variety 
of commonly used watches and clocks. (An expensive or rare timepiece 
should not be brought to school unless a parent wishes to deliver it, 
show it and then take it back.) These may include some of the follow- 
ing: wrist and pocket watches, clock radios, self-winding watches, electric 
and transistor clocks, travel clocks, cuckoo and alarm clocks. 

They may also bring in pictures of unusual time-keeping devices. Some 
of these may include grandfather clocks and clocks on famous buildings. 

What makes the clock go? Discuss springs, electric motors, and falling 
weights (as in cuckoo clocks). 

• Today we use clocks and wc.tches for telling time. 

• Clocks and watches come in different sizes and shapes. 

• Clocks and watches are made to run by various methods. 

• Clocks and watches today arc more accurate than those of the past. 

2 . Is the earth a clock? 

This unusual question should stimulate children to compare the earth 
with a clock. They know that something in a clock makes the hands 
move smoothly and steadily. It takes one hour for the minute hand 
to make a full turn. It takes twelve hours for the hour hand to make a 
full turn. 

Does the earth turn steadily? (Yes.) How long does it take to make a 
whole turn? (A day of 24 hours.) Does the earth show each hour? 
(No.) How can we know the hour? (We use a clock of some kind.) 

• The earth’s steady turning makes it a kind of clock. 

• One turn gives us a full day. 

• We have divided this day into 24 hours. 

3. How did people tell time long ago? 

Children will recall their Grade 2 experiences with shadow sticks. (See 
Science: Grades K-2, pages 192-193.) Otherwise teach Problems 6 and 
7 on those pages. 

Discuss with children why, all through the ages, people had to find ways 
of telling time. Ask the children to name other devices used over the 
years to tell time. Encourage them to build their own simple devices. 
The next page shows a few they can make. Have the children compare 
the accuracy of these devices with that of clocks or watches, 
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Type of Clock 



When Used 



HOW TO MAKE IT 





*850 B.C., by 
Egyptians, 
Phoenicians, and 
Chinese 




candle clock 




*750 A.D. — 
Middle Ages 



*870 A.D. 




The sundial works on the 
principle of the shadow 
stick. 

The hours of the day are 
marked off on the dial. 



Make a small opening in 
a cone-shaped paper cup. 
Mark off equal distances 
on the glass jar. Pour wa- 
ter into cup. 

Note: Size of hole will de- 
termine how much water 
will drip into glass jar in 
a given time. 



Ask children to bring in 
hourglasses from home 
(egg-timers) . 

How long does it take for 
each to empty? Check with 
a clock. When they are 
turned over, do they take 
same length of time to 
empty? 



M :rk off equal distances 
on a candle. (The thicker 
the candle, the longer it 
will take to bum from one 
mark to another.) 
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Why are these old clocks impractical today? As they make and use these 
devices, children will discover that they are not dependable; they need to be 
watched; corrections have to be made constantly; their timing is not uniform. 
Have children compare the “old time” clocks they make with a modern 
timepiece for accuracy. Ask them to express their findings mathematically. 
For example, they may find that their water clock gives the following readings. 



What might cause the differences in the readings? (Change in size of hole in 
paper cup; water evaporates.) How accurate is the candle clock? Bum several 
and see. 

• Long ago men found it necessary to tell time. 

• People used many different devices for telling time. 

• These devices were not as accurate as today's clocks and watches. 



1. Look at the picture below. 

Would you be going to school or coming home at this time? (Home.) 
How do you know? (The sun is in the west in the afternoon.) 



2. What time of day do you think the picture below shows? (Around noon.) 
Why? (Shad nvs are small when the sun is overhead, and this occurs at noon.) 



First emptying: 10 minutes 

Second emptying: 11 minutes 

third emptying: 9 minutes 



Fourth emptying: 9 minutes etc. 



EVALUATIVE ACTIVITIES 



A 1 / 





c 



! 






3. The pictures below show how a marked burning candle looked at one o’clock 
and at two o’clock. Draw it the way you think it will look at 3 o’clock and 
4 o’clock. (One level shorter for each hour.) 



4. The pictures below show how a marked, burning candle looks at 10 o’clock 
and at 11 o’clock. 

Draw it the way you think it looked at 9 o’clock. (One level higher than at 

10 o’clock.) 

Draw it the way you think it will look at 12 o’clock. (One level lower than at 

11 o’clock.) 



5. About what time is it when your shadow clock looks like the picture below? 
(3 P.M.) _____ 




mi | - 1 I | 

/ o'clock 1 o’ clock, 3 o'clock, 4 o-'clodb 









nadffck /I o' clock. ‘I o'clock !Z o'clock 




/0 |gu» it 
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6. A class made a water clock. The children compared the readings with tilt- 
electric clock in their classroom. After a few hours, the time on the two 
clocks did not agree. What might have happened? (Some water may have 
evaporated; the cup may have tom; the hole may have become enlarged; 
perhaps there were other reasons why die water clock was not as accurate 
as the electric clock; the electric clock might not be working properly.) 



BASIC SUPPLY LIST 
FOR THE EARTH AND THE SUN 

* Indicates quantity for entire class; other quantities 
specified are for each group of 4 eliildren. 



E-l: Science Supply List 

♦Geographic Globe 
4 Gandies 
2 lbs. Sand 

G-l: General Supply List 

♦Flashlight 
4 Pencils 

4 sheets 9" x 12" Drawing Paper 

Miscellaneous: 

♦large Ball 
♦Projection Machine 
assorted Clocks and Watches 
4 empty Spools 
12 cone-shaped Paper Gups 
4 glass Jars 



♦Clock Radio 
♦Self-winding Watch 
♦Electric and Transistor Clocks 
♦Travel Clock 
♦Cuckoo and Alarm Clock 
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A THE NEEDS OF PLANTS 

Background for the Teacher | 

A green plant requires light, minerals, air (oxygen), water, and suitable g 
temperature in order to thrive. Each part of a plant — the roots, the stem, g 
and die leaves — has specific functions which enable a plant to satisfy ■ 
these requirements. In addition, flowers are essential for the reproduction S 
of new plants. g 

Attached to the smaller divisions of the roots are many tiny root hairs. ■ 
In the ground the root hairs come in close contact with tiny particles g 
of soil. Water dissolves some of the minerals in the soil. The dissolved S 
material goes through the thin walls of the root hairs and into the roots, jj 
Roots also serve to anchor a plant from being blown over by strong g 
winds, or from toppling over because of their own weight. g 

The stem of a plant carries water and minerals from the roots to the 
leaves. It also carries manufactured foods from the leaves to the flowers g 
and roots. In addition, the stem also holds the leaves of a plant up to the ■ 
light. - 

The leaves of a plant make the food for the plant. Water from the soil jjj 
and carbon dioxide gas from the air are combined in the leaves by §| 
chemical activity to form sugar. Chlorophyll, the green-coloring material jj 
in leaves, must be present for this reaction to take place. Sunlight pro- 
vides the energy needed to sustain this process of food-making (photo- 
synthesis) in green plants. One by-product resulting from photosynthesis g 
is oxygen, which is released into the air and enriches the atmosphere for §j 
all life. j§ 

Sugars may be later converted into starches and fats. Minerals combine B 
with some of the sugar to form proteins and many plant products. ■ 

The flower contains the reproductive organs of the plant which make jj 
the sperm and eggs. The flower also facilitates the union of these sex 
cells which form the embryo plant inside the seed. ■ 
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Approaches and Learnings for the Child m 

One of the best ways for children to understand the needs of plants 1 
is to grow them. In so doing, they obtain visible and almost immediate H 
evidence that living things grow and have certain requirements for | 
growth. The school garden (see The School Garden in the Science ■ 
Program, page 18) should be regarded as an important annex to the B 
classroom in which to teach and learn about plants. §| 

As children work with plants they learn how to plan carefully conducted B 
experiments in which one, and only one, condition (e.g. light, or water, jj 
or air) is tested at a time on a number of plants. In this way they can ■ 
be more certain that the results they observe are caused only by the B 
variation in that one condition (e.g. light versus no light). B 

From the activities suggested, children learn the following. §| 

Green plants need light, water, air, proper soil, and correct tern- H 
perature to grow. jg 

Plants vary in amount of light, water, air, and kind of soil needed. I 

Each part of a plant helps it to live and to grow. §§ 

Note. For the experiences in the following unit, a number of inexpensive, 3 
expendable plants are required. Hardy seedlings can be grown quickly m 
from lima and kidney beans as well as from seeds such as zinnia and ■ 
sunflower. (Mung beans, obtainable from Chinese grocery stores, are 3 
particularly hardy.) These should be started well in advance of the 1 
science work on the Needs of Plants. ■ 

1. What do green r!ants need in order to live and grow? 

Have children tell what care their plants receive at home and in school. 
Ask them to list the conditions they think necessary to keep the plants 
alive and growing well. Make a chart of the conditions suggested. Keep 
it as a guide for the children as they explore the needs of plants. At 
the completion of the topic, children can refer back to the chart to 
see if their original list was correct and complete. It might look like this: 

To live and grow, a green plant needs 
water light 

soil air 

proper temperature 

• Green plants need water, soil, light, and air, and a suitable tempera- 
ture to live and grow. 
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2. How can we find out if plants need water? 

Ask children to devise experiments to find out if plants need water. 
They may suggest depriving a few plants of water for several days while 
other identical plants are watered regularly for comparison. Have them 
make drawings of the two sets of plants to record the changes that 
occur. Plants suitable for classroom use include ivy, coleus, geranium, 
tradescantia, pothos, and begonia. 

Develop with the children a plan for conducting the experiment. For 
example, three geranium plants which are watered regularly may be 
compared with three geranium plants of approximately the same size 
(and vigor or health) which are deprived of water. They should under- 
stand why conditions throughout these experiments must be the same 
for all plants being compared. They should come to realize that if 
some of the plants are grown in a cool part of the room and some in 
a warm part, the differences observed may be caused by variations 
in temperature rather than in water supply. The size of the pot, the 

amount of soil, and the amount of sunlight and temperature must be 
constant. 

Note: The same care should be used in any problem which involves the 
testing of an experimental condition. 

• Experiments help us find answers to questions. 

• Plants need water to live. 

3. How can we save these wilted plants? 

Using the plants which received too little water in Problem 2, have the 
children note the condition of the leaves and stems. Now water the 
plants thoroughly and watch them for a number of days. Before-and- 
after drawings made by the children will be useful. 

• A wilted plant may be saved if we use water in time. 

4. Can a potted plant get too much water? 

To answer this question children are asked to design experiments to 
determine what happens to plants when they are given different amounts 
of water. They may suggest using a number of identical plants, as in 
Problem 2. (This time, use expendable potted plants such as bean 
seedlings.) 

Two plants receive the usual amount of water; two are given twice as 
much water; and two are given three times as much water as the 
“normal” group. A record should be kept of the amount of water given 
e.g., 1 cup; 2 cups; 3 cups. Each plant should be placed in a deep 
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dish to prevent the water from running over. As in Problem 2, all other 
conditions should be the same for all plants. Compare the appearance 
of all three groups of plants. What differences, if any, are there in the 
leaves? What happens to the stem? Has anything happened to the 
soil? From the results observed, have the children decide on a plan to 
save the poorer plants. 

• Too much water is harmful to potted plants. 

• Plants need the right amount of water to live. 

5. Why do plants grow poorly in soil which is kept soaked? 

This question may arise from the previous problem. It may help children 
if they are asked: “What happens to soil when it is soaked in water?” 
Some may recall a demonstration performed in Grade 2 ( Science K-2, 
pages 232 and 233), in which a clump of soil is submerged in a jar 
of water. Air bubbles are observed escaping from the soil. If the 
children do not recall this experience, have ther. try it. 

Discuss with children that air is essential for a healthy root system. If 
the soil is kept soaked, air is kept out. 

• There is air in soil. 

• The roots of plants need air. 

6. How can we find out whether green plants need light? 

Children may suggest the following techniques. 

a. Place several plants in a dark closet. Water the plants and observe 
what happens to the leaves and stems from day to day. Compare 
with similar plants kept in the light and receiving the same care. 

b. Another way to test the effect of the absence of light is to wrap a 
few entire branches of a plant loosely with aluminum foil to exclude 
light and leave the other branches of the plant uncovered. After 
several days of the usual care, compare the uncovered portion of 
the plant with the covered portion. 

c. Still another way is to cover a small plant with a paper bag. Water 
it and observe it for several days. Compare it with uncovered plants 
of the same kind, receiving the same care. 

Note: In each of the three preceding methods, a question may be raised 
with respect to the air supply. Since neither the closet, the foil wrapping, 
nor the paper bag are airtight, it may be assumed that air reaches 
all plants under the experimental conditions. Some children may con- 
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tend that the temperature of the closet is different from that outside. 
Record the temperature at intervals and see if there is a difference. If 
children insist that differences in air supply or in temperature may in- 
fluence the experiment — despite the best efforts to control these factors 
— they should be encouraged to maintain that reservation. 

• Green plants need light to live. 

7. Why are some potted plants turned around every few days? 

Notice the position of the leaves of plants in the classroom. Find a 
plant with leaves that face the sunlight. A geranium plant is good for 
this purpose. Turn the pot so that the leaves face away from the window. 
See if the leaves will turn toward the light again. How long does it take 

to complete their turning? Compare with a similar geranium olant which 
has not been turned around. 

• Leaves turn toward the light. 

8. How can we find out if all green plants need direct sunshine 
to live? 

Take the class for a walk to look for plants that glow in shade and 
receive little or no direct sunlight. Some children may be assigned to 
check on these observations at different times of the day to determine 
if the plants receive any sunlight. Look for such plants under large tress, 
against the north wall of a building, or under dense hedges. 

Grow plants such as ivy, pothos, nephthytis and bryopyllum in a north 
window. 

• Some plants live where there is little or no direct sunlight. 

9. Do plants grow better in sand or in soil? 

Ask children to help design an experiment to determine the answer to 
this question. Obtain several flower pots of the same size. Fill some with 
soil and an equal number with sand. Plant several seeds or transplant 
seedlings of the same type and size into each of the containers. Provide 
the same conditions of moisture, temperature, and light for both. Com- 
pare both for rate of growth and general appearance. Observe and record 
on a chart the size and appearance of both plants after each week. 

Continue for a month or more. If necessary, support seedlings with suit- 
able sticks. 

This activity offers the children an opportunity for developing a bar 
graph such as the one shown below. Measure the height of each plant 
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each week with strips of colored paper cut to the height of the plant. For 
example, red for plants in sand, blue for plants in soil. Paste the strips 
in the proper column on an oaktag chart. 

• Plants usually grow better in soil than in sand. 

• Soil contains materials (minerals) that plants need for growth. 
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Comparing growth of plants in sand and in soil. 



10. How can we grow healthy plants in sand? 

Obtain several flower pots of equal size. Line the bottom of each pot 
with a thick blotter. Fill each pot with the same amount of sand. Plant 
several seeds or transplant seedlings of the same type and size into each 
of the pots. Maintain the same conditions of moisture,, temperature, 
and light for both. Observe the growth and appearance of the plants at 
regular intervals. When plants begin to look less hardy, ask children 
what must be added to the sand to help the plants. Refer to the previous 
experience (Problem 9) with sand and soil. 

Children may suggest adding minerals in the form of a fertilizer. There 
are commercially prepared plant “nutrients” available in flower stores 
which contain the minerals needed for the growth of plants. Follow 
the directions given with these preparations. Add fertilizer to half of 
the potted plants and keep the others as “controls.” Have children keep 
records, at regular intervals, of the appearance and growth of each 
plant. Prepare a chart similar to the one used in Problem 9, comparing 
Plant in Sand with Fertilizer with Plant in Sand. 

• Plants can be grown in sand if fertilizer is added. 

• Fertilizers contain minerals that plants need for their growth. 



ERIC 



59 



11. What happens to our potted plants when they are exposed to 
extreme cold? 

Plants left in school during long weekends or vacations in the winter 
time are a source of concern to teachers and children. Ask children how 
they can find out whether very cold temperatures affect their potted 
plants. Where should they put these plants to find out? 

Children may suggest placing the plant on a cold window sill or other 
cold area in the building. After the weekend or vacation, children ex- 
amine the plant to see what changes have taken place in its appearance 
and condition. 

If feasible, place a small potted plant in a closed container, such as a 
plastic bag, and keep it in a refrigerator overnight. Compare it with a 
similar plant which was kept in a container at room temperature. Does 
the “cold” plant make a recovery after its exposure? 

Ask children to suggest different ways of protecting the plants in the 
classroom during cold week-ends. Some children may want to put them 
in a closet. Others may suggest placing them in a carton away from the 
window sill. Still others may suggest covering them as illustrated below. 




Protecting plants during cold weekends 
with plastic held up by dowels in clay. 

Use the various procedures suggested by the children and check to 
see which are effective in protecting the plants. 

e Cold temperatures are harmful to our potted plants. 

• Plants can be protected from the cold in various ways. 



12. How do roots help a bulb to grow? 

Have children plant paper-white narcissus or onion bulbs in pebbles, in 
clear glass or plastic containers. Add water as needed and keep in a dark 
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place. To avoid having the bulb decay, be sure it is not completely 
immersed in water. Have children observe the roots every few days, 
and record the development of a strong root network. When this occurs, 
the plant may be brought into the light. Children will observe how the 
network of roots anchors the plant. In what other way do roots help 
the plant? Is the bulb growing a stem? 

• Roots hold a plant in place. 

• Roots take in water. 

13. Is it better to start bulbs in the light or in the dark? 

Children may suggest starting some bulbs in the dark (as in Problem 
12), and some in the light. When the bulbs grown in the dark have 
developed a good root system, they should be removed from the dark 
and compared with those grown in the light for a period of several 
weeks. 

After the experiment has been set up, ask the children to make a check- 
list of items to be observed during the growth period. A typical list 
might include: 

When do the first roots appear in each group? 

Which group appears to have the largest growth of roots at the end 
of one week; two weeks? 

When do the first stems appear in each group? 

In which group do the stems go higher? 

In which group do flowers appear first? 

Which group has the best flower growth? 

Understandings are not given for this problem because the results may 
vary somewhat, depending on the particular conditions of the experi- 
ment. 

14. What does a stem do for a plant? 

On a walk observe how the trunks and branches of trees hold leaves 
up to the light. Note how the trunk in trees and the stems in smaller 
plants supports the rest of the plant. Have children find plants with 
broken stems or branches. Observe leaves that are wilted or changing 
color, or dried-up buds which show that the part beyond the break 
in the living plant is dead or dying. 

To demonstrate the water-carrying role of a stem, cut the end off a 
celery stalk, split it part way and put it in water colored with ink and 
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in clear water, as shown in the illustration. The color acts as a“tracer,” 
enabling us to see the path that the water takes. After some of the 
leaves change color, cut the stem across in various places to see the 
“pipes” which carried the water. 

• Stems hold leaves up to the light. 

• “Pipes” or tubes in the stem carry water from the roots up to the 
leaves. 

• Plants are injured or killed when stems are broken. 

15. What do leaves do for a plant? 

Start a number of bean plants growing from seeds. Plant the seeds in 
soil, in clear plastic containers. Children should notice that the two 
halves of the original bean (“seed leaves”) become smaller and smaller 
as roots, stem and leaves develop. Why does this happen? (The food 
stored in the seed halves is used by each part of the developing plant.) 
What finally happens to the seed halves? (They wither and drop off.) 
What is happening to the true leaves of the plant at the same time? 
(They are growing larger; there are more of them; they develop a dark 
green color.) Where does the developing plant get its food now? 
(Children may say that the plant takes in minerals and water from 
the soil. This is true, but it is not the complete answer. The teacher 
may have to explain that the leaves of the plant use the minerals and 
water to make food for the plant.) 

What would happen if most or all the leaves of a plant were removed? 
Have children set up an experiment with a number of bean plants in 
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I which a varying number of leaves are removed from different plants. 

' Xj Observe the plants at frequent intervals. Have children keep records of 

their observations. 

• Leaves make food for the plant. 

• The loss of many leaves during the growing season may injure or kill 
a plant. 

16 . How can we use our school garden to learn about the needs of 
plants? 

From the previous activities in their classroom, children have learned 
the conditions necessary for a plant to live. Growing a crop of plants 
for their flowers or for food, gives children the opportunity to apply 

some of the results of their indoor experiments to the practices and 

problems of gardening. (See The School Garden in the Science Program, 
page 18 .) 

■ The needs of plants — light, water, air, proper temperature, good soil — 

are seen on a larger, more practical scale in the school garden. In- 
dividual and group decisions have to be made which will influence the 
success of the undertaking. Some questions which may serve as a guide 
in the making of these decisions are: 

I What kinds of plants should we grow? 

Will the plants receive light? 

What part of the garden would be best for growing plants? 

Is the soil good? Can we make it better? 

When should we plant the seeds? 

How should we plant the seeds? 

How far apart should the rows and individual plants be? 

Do we have to water our plants, or can we rely on the rain? 

When will we harvest the crop? 

What should we do with the crop? 

Who should be responsible for each job? 

How shall we protect our garden? 

• Green plants need light, water, air, proper temperature and good soil 
to grow. 

• Some kinds of plants grow more quickly than others. 

• Some kinds of plants need more sunlight than ethers. 

• Most garden plants grow better in loose soil than in hard packed 

soil. 

• We grow some garden plants for their flowers and some for food. 
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EVALUATIVE ACTIVITIES 



1. The part of the plant marked (a) is a 

(Leaf.) 

What is part (b) called? (Stem.) 

Part (c) is known as the (Roots.) 

Name the part of a plant which holds it in the 
earth. (Roots ) 

Name the part of a plant which brings water 
up to the leaves. (Stem.) 

What is the use of the hole in the flowerpot 
that is marked (e) ? (For water to run out; 
drainage.) 

What is (d) ? (Soil.) 

2. What supplies the plant with minerals? (Soil; fertilizer.) 

Which part of a plant takes in water and dissolved minerals? (Roots.) 
Which part of a plant grows best in darkness? (Roots.) 

Which part of a plant turns toward sunlight? (Leaves.) 

Which part holds a plant up to sunlight? (Stem.) 

Chemicals which are added to the earth are called (Minerals.) 

What will happen to a plant if you stop watering it? (Dies.) 

What will happen to a house plant if it is placed in the refrigerator? (Dies.) 

Most plants will not grow in soil which is always soaked with water because 
the water keeps from the roots (Air.) 

3. A boy wanted to find out whether a geranium plant needs sunlight in order 
to live. He carefully placed a healthy geranium in a place where it would get 
sunlight. Then, for comparison, he placed a healthy ivy plant in a dark closet. 
He recorded his observation of both plants for two weeks. He decided that a 
geranium needs sunlight in order to live. 

Is this a good scientific experiment? Give reasons for your answer. (No. He 
should have used the same kind of plant in the dark and the light, and he 
should have used a number of plants in each place.) 

4. Observe changes in attitudes and behavior of children as suggested in the 
following. 

Do children appear to have a greater interest in plants? 

Are children more concerned with the care and attention that is given to 
classroom plants? 

Do children seem to be growing plants on their own at home? 
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Are children more observant of the trees and shruhery around the school? 
Do children report on their observations' of plants in the neighborhood and 
nearby parks? 

Do children visit local gardens, parks, botanical gardens, and flower shows on 
their own or with their families? 

5. A boy planted a bean seed in a pot of sand (Plant A) and another bean seed 
in a pot of sand mixed with humus (Plant B) . He watered both plants equally 
and placed both in the sunlight. He cut strips of paper to show how high 
each plant was at the end of each week. The graphs below show how each 
plant grew. 

a. Which plant was taller on March 1st? (Plant A.) 

b. Did Plant B ever catch up with Plant A? (Yes.) When? (March 8.) 

c. When did Plant A fall behind? (March 15.) 




d. When did Plant B grow most rapidly? (Between March 22 and March 29.) 

e. When did Plant A stop growing? (Between March 15 and March 22.) 

f. When did Plant A start to become shorter? (March 29.) What may be 
happening to it? (It may be dying.) 

g. How might Plant A be made to grow again? (Add fertilizer; humus; plant 
food. 

h. Make a drawing of how high you think Plant B will be on April 5? 
(Taller.) 

i. What conclusion could the boy draw from his experiment? (The bean plant 
in sand mixed with humus grew better than tire one in plain sand.) 

j. How could the boy have improved his experiment? (He sltould do tills 
with several bean seeds in sand and several in sand mixed with humus.) 
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B. LEARNING MORE ABOUT PLANTS 

The following are additional activities. They will help pupils apply their S 
understandings of the needs of plants in general to their learnings about 1 
the plants in their school, home, and neighborhood. ■ 

1. Plant an herb or edible vegetable (e.g. parsley or radish) that can 
grow in a window box. When the miniature crop is ready, harvest, 
wash, and eat it. 

2. Look for ivy on the walls of buildings. Find the stem that goes 
into the ground. Look for the tendrils that anchor ivy to the wall. 
How do they do this? Compare ivy with other climbing plants. 

3. Observe aquatic plants to find out how they are able to live entirely 
under water. 

4. Raise plants like philodendron, Chinese evergreen, English ivy, 
tradescantia, which can grow with their stems and roots in water. 

5. Visit a local greenhouse or botanical garden to notice provisions 
for appropriate humidity, temperature, ventilation, light, water, soil, 
and drainage. 

6. Make attractive labels for the plants in the classroom. 

7. Observe the color of grass which has been covered by a board or 
other object. 

8. What is the color of the stem and leaves of a potato which has 
sprouted in the dark? See how the color changes when the potato 
is kept in sunlight. 

9. Make a desert garden, using cacti and other suitable plants. 




10. Make a bottle garden. 

11. Stage a class or school plant show. 

12. Start a plant “clinic.” Diagnose “ailing” plants in the classroom, 
and other classrooms in the school; “prescribe” treatment, observe 
for signs of recovery, and return plant with instructions for care. 
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C. THE NEEDS OF ANIMALS 

Background for the Teacher m 

The animal kingdom includes over a million kinds of animals. They ■ 
range from microscopic one-celled animals (protozoa) to those made ■ 
of billions of cells. Yet each species carries on the same basic life g 
processes. §g 

All can reproduce their kind; all can respond to stimuli; all can secure B 
food and obtain energy from it, or transform it into living material for H 
growth; all can dispose of their wastes. = 

Animals are amazingly successful in reproducing their kind. The female B 
oyster produces nine million eggs each season. The female housefly lays ■ 
up to six hundred eggs at a time. Mammals, such as deer, elephants and ■ 
squirrels have smaller numbers of offspring. What they lack in numbers ( 
they make up in parental care, in intelligence, and in other character- H 
istics which insure their survival. H 

Animals are sensitive; they respond to outside forces or stimuli. The ■ 
frog responds to low temperature by slowing down its body activities ■ 
in hibernation. A flying duck hawk unhesitatingly plummets down at ( 
speeds up to 80 miles an hour to capture its prey. ■ 

All animals are able to secure food, but the methods used vary greatly. I 
Once obtained, however, the food is used as fuel for their “en gin es,” B 
In a series of complex chemical changes, the energy stored in food 1 
molecules is slowly released. This use of food for energy is often com- ■ 
pared to the burning of a fire. In both processes, complex molecules B 
are broken down into simple ones with a release of energy. But unlike H 
a hre, the “burning” in animals takes place slowly at low temperatures H 
and the energy released is used for the many processes of life such as H 
movement and transmission of nerve impulses. g 

One characteristic of an animal is growth. A human baby that weighs, g 
at birth, about seven pounds matures into a grownup weighing 140 g 
pounds or more. Where does this increase come from? Part of the food g 
taken in by the animal is converted into the living substance called ■ 
protoplasm. Growth, then, means an increase in this complex chemical S 
material of life. jj 

Oxygen is required by animals for the release of energy from food, g 
necessary for all life activity. Some, such as fish, lobsters, and clams g 
extract the oxygen from the air that is dissolved in the water in which g 
they live. (You can see this air if you allow a glass of cold water to g 
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stand in a warm room for a few hours. Bubbles of air form on the sides g 
of the glass.) The animals just mentioned are equipped with special 3 
devices, such as gills, to extract the dissolved oxygen from the water. H 
Warm-blooded animals, such as birds and mammals, require the most ■ 
oxygen since they must produce heat constantly to maintain their normal ■ 
body temperature. §| 

An animal must continually rid itself of its wastes. Simple animals, such ■ 
as the one-celled protozoa that live in the water, simply expel their ■ 
bodies liquid wastes into the water through their covering membranes. 3 
In complex animals, the kidneys, skin and lungs (or gills) assume the H 
vital job of getting rid of such liquid and gaseous wastes as salts, urea, ■ 
and carbon dioxide. Solid wastes are discharged from an opening at the s 
end of the food tube. 3 

Approaches and Learnings for the Child 1 

Even in a large city there are many animals that can be found by alert g 
observers. To launch this topic the teacher may invite the children to list H 
all the animals they can find in their neighborhood. The list becomes H 
longer when the children realize that the animal world includes such ■ 
forms of life as fish, worms, insects, birds, snails and snakes, as well as H 
mammals. Discussion will disclose the possible places to explore: homes, B 
pet shops, zoos, markets where live poultry or fish are sold, trees, lawns, jgj 
under rocks, in water, air, soil, and on plants. In this study of the needs If 
of animals, children are also encouraged to observe their cats, dogs, {■ 
birds, fish or turtles, to learn how these pets eat, move, rest, breathe and H 
protect themselves. §g 

From the activities suggested, children learn the following. jj 

Animals are alike in that they need food, water, air, and shelter. jj 

Each kind of animal feeds, moves, and protects itself in its own way. ■ 

1. What do animals in a zoo need in order to live? 

If possible, on a trip to the zoo, arrange to be there when the animals 
are being fed. Have children visit a number of cages and observe care- 
fully what the keeper puts in each cage and where he puts it. Have the 
children note the different kinds of “houses” in which animals live. 

• Animals need food and water in order to live. 

• Different animals require different kinds and amounts of food. 

• Animals need shelter. 

• Some animals need special kinds of shelter. 
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2. What care are animals given in our homes and in a pet shop? 

Take a class on a trip to a neighborhood pet shop. If possible, arrange 
in advance with the shopkeeper for a guided tour. Have children observe 
carefully how the different animals eat, drink, move about and sleep. 

Encourage children to ask questions. Note the movements of the animals 
as they breathe. Obtain the approval of the owner for a child to hold 
his hand close to the nose of a tame puppy to feel its breath. Ask 
children how many have pets at home similar to the ones they found 
in the pet shop. How do they care for them at home? 

• Animals need air in order to live. 

• Animals feed and move in different ways. 

3. What do fish in our aquarium need in order to live? 

Have the children help in setting up an aquarium. Encourage them to 
observe, to ask, and to answer such questions as: Can a fish remain in 
one spot? (Yes.) Do the fins always move? (Some do.) How many 
fins are there? (Seven.) What is the tail used for? (Propelling the fish.) 

Where are the eyes placed? (Usually on the side of the head.) Does 
a fish ever close its eyes? (No.) What covering is on most of its body? 
(Scales.) Does the fish eat its food from the top of the water, from 
the bottom or in the middle? (Depends on the fish.) What does it eat? 
(Depends on the fish.) What is the temperature of the water in the 
aquarium? (Test with a thermometer.) What does the fish do with its 
mouth? (Opens and closes it constantly to take in water.) Can you 
see something that opens and closes on the side of a fish’s head? (The 
gill covering moves as water flows out of the side of the fish’s head.) 

After watching the mouth and gill cover movements children may be 
able to infer that a fish takes in water through the mouth, passes it 
over its gills and out through the openings on the side of the head. The 
water has air in it. Part of this air (the oxygen in it) is taken in by 
the fish’s gills and then passes into its blood stream. To show that there 
is air in water, let a glass of tap water stand for a while. Oberve the air 
bubbles clinging to the side of the glass. 

Visit the Aquarium, a pond in the park, a river or the seashore. 

Visit a fish market to observe where live fish are kept. 

• A fish moves forward by using its tail. 

• The body of a fish is covered with scales. 

• The eyes of a fish help it to see well on both sides. 

• The fish’s mouth and gill covers move when it breathes. 
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• A fish gets air from the water. 

• Different kinds of fish eat different kinds of food. 

4. What birds feed on our lawn or at our bird-feeding station? 

Many easily recognized birds can be seen in New York City. (See 
page 137, Science : Grades K-2 .) In the third grade, closer observation 
of the most common city birds should be encouraged. This may stimulate 
children to find out what birds need in order to live. To obtain a closer 
view of birds, place a bird-feeding station on a pole or on a window 
sill of a lower floor of the school or home. (See page 138, Science: 
Grades K-2 for a list of foods.) 

Take a bird walk (around the block, to a lawn, to a park) or observe 
from the classroom windows. Some questions children may try to answer 
are: What is that bird doing? (Feeding, flying, perching, hopping, sing- 
ing, bathing.) How close can you get to a bird before it flies away? 
What does it do to prepare for a “take-off”? What does it do with its 
wings and tail as it 1 comes is for a landing”? Does it flap its wings 
all the time when it flies? Does it walk or hop? Does it have the same 
color all over? In a group of birds that you see, are all c r the same 
kind? Can you tell the male from the female? 

Keep a record of the kinds of birds seen in the neighborhood at dif- 
ferent seasons. As each new bird is seen, add its picture to a chart. 

• Birds live where they can find food, water, and shelter. 

• Some birds can be seen all through the year. 

• Some birds migrate. 

5. How can wo watch ants in our classroom? 

Place earth dug up from an ant hill into a glass jar. Cut a small piece 
of sponge into a one inch cube, moisten it and place it in the jar. Cover 
the jar tightly with a piece of fine cheesecloth (double thickness), nylon 
stocking, or paper which is punched with pin holes. Put the jar into a 
shallow basin of water to cut off the escape route of the more adventurous 
ants. Keep the jar covered with a dark cloth or black construction paper 
which can be easily removed to view the ants at work. Every day put 
two drops of sugar water on the surface of the earth. Try also tiny bits 
of apple, and bread crumbs. Remove food which remains after 15 
minutes. Keep the nest moist, but not too wet. 

Why do ants build tunnels? What do they eat ? What kinds of things 
do they carry? How do their loads compare with the size of the ants? 
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W« can easily observe ants In the classroom. 



• Ants need water, food, and shelter. 

• Ants make their homes in dark places. 

• Ants eat many kinds of foods. 

• Ants are strong for their size. 



EVALUATIVE ACTIVITIES 

1. Do children evidence more interest in animals by visiting zoos with their 
families; by reporting on animals seen in the neighborhood; by obtaining and 
caring for pets; by showing greater concern for the care of animals; by reading 
books about animals? 

2. Are the following true or false? If your answer is “True/’ explain why it is 
true. If it is “False,” then what is the true answer? 

a. Birds flap their wings all the time that they are in the air. (False. They 
often glide in the air.) 

b. In most birds the female is brighter than the male. (False. The male is 
usually more colorful.) 

c. A bird may fan (spread) its tail when making a fast stop. (True. The 
spread tail hits the air and slows the bird up.) 

d. All birds fly south in the winter. (False. Some birds stay here all year long.) 

e. When a robin picks up a bit of string, it uses it for food. (False. It uses 
it for building its nest.) 




3. The fish in a class aquarium did not seem to be doing very well. One fish 
died, the other four were inactive and came to the top frequently to gulp air. 
The water seemed murky. What might the trouble be? How could we improve 
the situation? (The following are some possible answers. There may he many 
others of merit ) . 



What might be the trouble 


How we can help 


A. There are too many fish in the 
aquarium. (The rule is “one inch 
of fish to a gallon of water.”) 


A. Reduce the number of fish or get 
a larger aquarium. 


B. The fish have been overfed and 
some of the extra food is rotting. 


B. Reduce the amount of food. 


C. The plants in the aquarium do 
not get enough light. As a result 
they do not make enough oxygen. 


C. If possible, place aquarium where 
it will get more light. 



D. LEARNING MORE ABOUT ANIMALS 

From the previous activities, children learned of the needs of some 
animals. They may extend their knowledge by observing or caring for 
animals included in the activities listed below. Keeping animals in a 
classroom is an opportunity for teaching conservation. Children will form 
attitudes from what is practiced in the classroom, rather than from what 
is preached. The following guidelines may be useful in this connection. 

Animals should be given a home which simulates as far as possible their 
natural environment, by use of appropriate twigs, soil, moisture, food, 
air and space. 

If feasible, animals taken from outdoors should be returned there when 
the study is over. 

Animals are to be regarded as individual, living creatures, and not as 
playthings. 

1. Watch an ant to find out what it is doing. 

2. Find a grasshopper and try to measure how far it can jump. 

3. Visit a zoo during feeding time to see the wide variety of foods 
used. 

4. Bring in fish scales from different kinds of fish to examine with a 
magnifying glass. A local fish store will furnish fish scales. Each 
ring on a scale indicates a year’s growth. 
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5. Place a cricket in a jar partly filled with earth. The cover should be 
pierced to admit air. A peeled piece of apple will provide food. 

6. Make a record of what your pet eats and drinks during one day. 

7. How do animals in your neighborhood live in the winter? 

8. Examine a fish skeleton brought from home. Discuss how this bony 
framework provides support for the fish. 

9. Hold a class pet show. See illustration on page 172, Science : Grades 
K-2. 

10. Keep some small snails in a fish tank. When it is on the side of the 
tank, examine a snail with a magnifying glass. Notice its rasping 
tongue and the movement of its foot. Look for snail eggs and young. 

11. Look at a large feather through a magnifying glass. Try to find cut 
how it can “zip” and “unzip.” 

12. Have a child secure parents permission to bring in his parakeet 
and report on its food and other needs. (Do not allow the bird to 
be taken out the cage.) 

13. Ask children to name and describe the kinds of dogs they own. 
Make a labelled display of snapshots of these dogs. 

14. Look for spider webs. Are any in- 
sects trapped in the web? Can you 
find the spider? If the spider is 
placed in a closed jar with some 
twigs, will it spin a web? Will it lay 
eggs? It will be necessary to add 
food (usually living insects) and a 
few drops of water if the spider is 
kept for any length of time. 

5. Find a few cocoons to put in a jar. 
See what emerges. (See page 174, 
Science: Grades K-2.) 

6. Look under stones and boards in 
vacant lots to see what lives there. 

7. During warm weather, dig up some 
earth. Spread the soil out on a sheet 
of newspaper. See if there are any 

House spider and egg cases. animals in it. Try to identify them. 
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BASIC SUPPLY LIST 

FOR THE NEEDS OF PLANTS AND ANIMALS 



indicates quantity for entire class; other quantities 
specified are for each group of 4 children. 



E-l: Science Supply List 

*1 Thermometer 
*10 lbs. Gravel 
*10 lbs. Soil 
^Aluminum Foil 
4 — 4" Flower Pots 
2 Saucers for Flower Pots 
1 Sponge 



2 sheets Cellophane 
1 Polystyrene Tray 
*1 Aquarium 
*1 Aquarium Gleaner 
*1 Aquarium Dip Tube 
*1 Aquarium Feeding Ring 
7 Pot Labels 



kidney beans 
parsley 
radish 

G-l: General Supply List 

1 pk. Cheesecloth 

6 large sheets Oaktag 
6 small sheets cobred Construction Paper 

2 small sheets black Construction Paper 
1 jar Paste 

1 pkg. Clay 
Paper 

4 small Blotters 
4 Dowel Sticks 



Not on cuurent E-l List (Will appear on future lists) 

*1 Sprinkling Can Seeds — 1 pk. each of zinnia 

*1 small pkg. Fertilizer sunflower 

lima beans 



^Miscellaneous: 



2 paper Bags 
1 pk. Bird Food 
1 pk. Fish Food 
1 Bird Feeder 
1 apple 

1 pk. bread crumbs 
1 cup sugar 
1 yd. black cloth 
1 pk. pebbles 



3 clear plastic Containers 

1 celery stalk 
12 paper towels 

2 nylon stockings 

1 pk. vegetable coloring 

2 water snails 
**ivy 
**coleus 
**geranium 



**tradescantia 
*nareissus 
*onion bulbs 
**pothos 
**begonia 
**philodendron 
**Ghinese evergreen 
**nephthytis 
**bryophyllum 



**May be purchased from the School Garden Association of New York. 
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Sounds 
Are Made 



A. SOUND AND VIBRATION 

Background for the Teacher [ 

Every sound can be traced to something that moves. A drumhead moves 
when it is banged; our vocal cords move when we speak; a bell moves j 
when it is struck. This movement, characteristic of sound, is a back-and- 
forth motion called vibration. 

When we pluck a guitar string it vibrates. This back-and-forth motion 
disturbs the air around the string. The molecules of air also are made to j 
vibrate. Each time this happens a wave is started in the air and eventually j 
reaches our eardrums. Nerve endings stimulated by the vibrations carry | 
messages to our brain, which interprets these stimuli as sound. (The j 
transmission of sound is discussed more fully in the Background for the 
Teacher, Grade 4, Topic A, page 206.) 

Because vibrations are produced in many different ways and with many 
different materials, the sound waves produced are different. This is why 
we hear different kinds of sounds. Sounds may be pleasant or un- 
pleasant, loud or soft, high or low, musical or discordant. 

i 

! 

Approaches and Learnings for the Child | 

By observing common musical toys and by conducting simple experiments, j 
children find out that sounds originate from vibrating objects. They dis- | 
cover that a number of methods can be used to make objects vibrate. 

From the activities, children learn the following. 

Musical sounds can be made by plucking, striking, blowing, and 
rubbing. 

! 

When a sound is produced, something is vibrating. 

Vibration is the back-and-forth movement of an object. 

When the vibration stops, the sound stops. 

Vibrations often can be felt or seen. 
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1. Can we "feel" 1 op "see" sound? 

The purpose of the following activities is to focus the childrens’ attention 
on some ways, other than hearing, of sensing the vibrations which ac- 
company sounds. 

To vibrate means to move back and forth. Children use words like shake, 
shiver, or jitter to describe this motion. The word vibration should be 
introduced by the teacher, if it is not yet in the children’s vocabulary. 

Ask the children to suggest ways of “feeling” or “seeing” sound. Some 
activities which show the relation between sound and vibration follow: 

a. Have the children touch a radio cabinet or a piano while it is being 
played. Ask them to describe what they feel. 

b. Make a thin wooden ruler or a 
plastic ruler vibrate, as shown. 

Ask the children to describe what 
they see, hear, and feel. Also try 
this with other objects such as a 
nail file, tongue depresser, and 
dowel stick. 

c. Strike a triangle with a tapper. Ask a child to touch it gently with 
his fingertips. Strike the triangle again while the child is grasping it 
firmly. Is there a tingling the second time? What happens? Why? 
(Stopping the vibration stops the sound.) 





A milk-carton, rubber-band guitar. 

d. Stretch a rubber band around a milk carton. Pluck the band. Ask the 
children to report what they see, hear, and feel. Also try stretching the 
rubber band around a drawer, ehairback, cigar box, cup, or plate. 
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f. Have a child strike a fork (silver 
is best), and listen to the sound 
caused by the resulting vibration. 



e. Cut a rubber band apart. Have 
one child stretch it tightly, usings 
both hands. Have another child 
pluck it. Children discuss the 
movement of the rubber band, 
and the sounds heard. They may 
note the visible blur caused by 
the vibration of the rubber band. 




"It mokes a nice sound." 




h. Beat a drum. Have the children 
feel the sides of the d-um with 
their fingertips. While drumming, 
sprinkle sand or any dry cereal on 
the drumhead. What happens? 



g. Have each child fold a piece of 
paper, about 3x6 inches. Hold 
as shown and blow into the fold 
between the fingers. Ask the pu- 
pils to tell what they feel when 
the paper gives off sound. 




"Tfcoy |lffl«." 



i. Have each youngster hold his fingers against his throat while talking 
or humming. Ask the children what they feel. 

• Objects vibrate while they are sounding . 

• Vibrations often can be felt or seen. 

• When the vibration stops, the sound stops . 






2. How do musical toys work? 

Children will be interested in finding out how musical toys work. They 
will find that sounds are produced in a number of ways: by plucking, by 
striking, by blowing, and by rubbing. In some toy instruments the force 
needed to cause vibration is supplied by winding a spring, by pulling 
the toy, or by whirling the toy. 

Children will look for the part of the toy responsible for the sound: 
the part which vibrates. Some vibrators which are found in musical toys 
are: reeds, drumheads, strings, bars, tubes, air oolumns, baUs. 




Reeds vibrate in these musical toys. 



The following chart describes some musical toys. Remember that not 
all toy instruments operate in the same way as the instruments which 
they represent. Gather as many musical toys as possible. 



TOY 


PART THAT VIBRATES 


METHOD OF PRODUCING SOUND 


Harmonica 


Metal reeds of varying length. If 
top of the harmonica is removed, 
(see illustration opposite), reeds 
can be examined. The long ones 
produce the low tones, the short 
ones, the high tones. 


Blowing. The reeds are attached 
so that some of them vibrate 
when air is blown in and some 
when air is drawn out. 


Accordion 


Metal reeds of varying length. 
Each key controls a valve, which 
allows air to blow across a par- 
ticular reed. 


Blowing. The squeezing and the 
extending of the bellows causes 
air to be forced across the reeds, 
just as in the harmonica. 


Horn 

Clarinet 

Saxophone 

Trumpet 

Cornet 

Trombone 


Reeds. (In real trumpets, corn- 
ets and trombones, the player’s 
lips serve as reeds.) 


Blowing. 
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TOY 


PART THAT VIBRATES 


METHOD OF PRODUCING SOUND 


Musical 

Top 


Metal reeds. 


Blowing. The spinning motion of 
the top causes air to blow 
through openings in the top. 


Piano 


Metal bar. 


Striking. 


Xylophone 


Metal bar. 


Striking. 


Music 

Box 


Metal reeds of different length 
attached to a bar. See illustra- 
tion on page 78. 


Plucking. A moving belt with pro- 
jecting fingers or flaps plucks 
one or more of the reeds at the 
same time. 


“Humming 

Lariat” 


Rubber band reed. Different 
humming sounds can be made by 
adjusting (stretching or loosen- 
ing) the rubber band. 


Blowing. Whirling the lariat 
through the air makes the rubber 
band vibrate. 


Cowbell 


Bell. 


Striking. The clapper hits the 
bell. 


Whistle 


Air column in whistle. In a 
whistle containing a ball, the 
ball, by moving about, varies the 
length of the air column,' pro- 
ducing a warbling sound. 


Blowing. 


Drum 


Drumhead. 


Striking with sticks or hands. 


Kazoo 


A membrane of thin paper. 


Humming into the toy. 


Violin 


Strings. 


Bowing the string. 



• In toys, musical sounds are made by plucking, striking, blowing, or 
rubbing. 



• The part of the toy which produces the sound moves back and forth 
rapidly: that is it vibrates. 

• The vibrating part may be a reed, a drumhead, a string, a bar, a tube, 
a ball, a paper membrane, or a column of air. 

EVALUATIVE ACTIVITIES 

1. Can you tell why 

a. a door bell will not ring if you hold the clapper tightly? (You prevent the 
clapper from striking the bell. Therefore, no vibrations will be produced.) 

b. you hear a sound when you pluck a rubber band? (The rubber band vibrates, 
the air vibrates, and then the vibration reaches your ear.) 

c. you must strike a triangle to have it make a sound? (You must make the 
triangle vibrate.) 

d. the drummer put his hand on top of the drum when he wanted to stop the 
sound? (His hand stopped the drum from vibrating.) 
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2. Color the part of each instrument that you must make vibrate or move so it 
will make sound. (Areas to be colored by the children are shaded in illustration. 
Present children with unshaded outlines.) 

3. What must you do to each of the following instruments to make sound? Select 
the right word (pluck, strike, blow, rub) for each instrument. 

violin (rub, pluck) banjo (pluck) harp (pluck) 

drum (strike) xylophone (strike) trombone (blow) 

flute (blow) triangle (strike) harmonica (blow) 

4. Without using your ears, how could you tell that 

a. a drum was making sound? (Feel vibrations; place small objects on drum- 
head and see if they move.) 

b. a rubber band gurtar is making sound? (See the rubber band moving; feel 
vibrations.) 

c. a radio is playing? (Feel the vibrations when you touch the radio.) 

d. someone is humming? (Feel vibrations when you touch his throat or chest.) 

B. HIGH TONES AND LOW TONES 

Background for the Teacher 

When a guitar string is plucked, it vibrates at a constant rate — at so B 
many vibrations per second. As a consequence, a corresponding number U 
of sound waves are started in the air each second. The number of vibra- | 
tions (waves) produced per second is called frequency. The human ear M 
can hear sounds with a frequency that ranges between approximately 20 ■ 
and 20,000 vibrations per second. jj 

If a guitar string is tightened and then plucked, it vibrates more rapidly B 
than before. The more vibrations it produces in a second, the higher is I 
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GRADE THREE ! 

the pitch. If a guitar string is loosened and then plucked, it vibrates more jj 
slowly. The fewer vibrations it produces in a second, the lower is the Jg 
pitch. Pitch, then, depends on the frequency of vibration. jj 

The pitch of a musical string is determined not only by its tightness but gg 
also by its length and weight. (The weight depends on the thickness and J| 
the material used.) A shorter string produces a sound of higher pitch jj 
than a longer one; and a lighter string produces a sound of higher pitch jj 
than a heavier one. m 

a, * C==3 

In wind instruments, the pitch is determined mainly by the length of the §j 
column of vibrating air. A shorter air column produces a higher pitched gj 
sound than a longer air column. jj 

Approaches and Learnings for the Child j| 

In this grade, a series of experiences are suggested which help the children j| 
understand the relationship of pitch to the size of the object producing jj 
the sound. Children can discover this knowledge by collecting, mani- jj 
pulating, constructing, and experimenting with sound-making objects, jj 
For example, when they strike two objects similar in kind (such as two jj 
jars), the smaller one generally produces a higher-pitched sound than H 
the larger one. §j 

From the activities suggested, children learn the following. m 

Higher tones are usually produced by the vibration of small objects; J§ 
lower tones by the vibration of large objects. || 

In stringed instruments, different tones are produced by using strings jj 
of different length or of different tightness. jSj 

rVf| 

In wind instruments, different tones are produced by using air jgj 
columns of different lengths. B 

1. What kind of tone is it? 

The purpose of this activity is to focus the children’s attention on dis- 
tinguishing between a higher tone and a lower tone. The materials used 
in this activity are placed on the teacher’s desk or demonstration table, 
but shielded from the view of the children. A desk blotter or large sheet 
of oaktag may be used as a shield. 

a. Strike the longest bar of a xylophone, then strike its shortest bar. Have 
children discuss the tone heard in each case. Repeat this activity with 
other pairs until the children are able to recognize the difference be- 
tween the higher tone and the lower tone. Children should have as 
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much practice as necessary until they can discriminate between higher 
and lower tones. 

b. Obtain a set of Melody Bells. Shake the bell that has the highest tone, 
and then the bell that has the lowest one (one bell at a time). Repeat 
as often as necessary to reinforce the children’s ability to distinguish 
between a lower and a higher tone. 

c. Repeat activities “a” and “b” using a string instrument, such as a toy 
violin, toy guitar, a home-made guitar, or a real string instrument. 

• Some tones are higher than others. 



2. What makes a higher tone or a lower tone? 

Use the same materials as in Problem 1. Demonstrate these in full view of 

the children. (Remove the shield.) 

a. Distribute a number of xylophones (one xylophone for a group of no 
more than four children). Ask a child to strike the longest bar, and 
then the shortest bar. Have children discuss the difference in tone 
of the sounds they hear. Guide them to understand that a longer bar 
produces a lower tone; a shorter bar produces a higher tone. 

b. Repeat Activity 2a, using Melody Bells, to reinforce the children’s un- 
derstanding of higher and lower tones. Children examine the real sound- 
ing bell which is hidden by the outside plastic cover. 

c. Repeat Activity 2a, using a string instrument. Children discover that a 
longer string produces a lower tone and a shorter string produces a 
higher tone. 

• In a xylophone, the longest bar makes the lowest tone; the shortest 
bar makes the highest tone. 

• In Melody Bells, the largest metal bell makes the lowest tone; the 
smallest bell makes the highest tone. 

• In a stringed instrument, the longest string makes the lowest tone; the 
shortest string makes the highest tone. 

• Higher tones are usually produced by the vibration of smaller objects. 

• Lower tones are usually produced by the vibration of larger objects. 



3. What other objects can we use to make higher tones and 
lower tones? 

The experiences of children with musical instruments, real or toy, may 
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Making high fonts and lew fonts. 



lead to this investigation. Secure pairs of objects (suggested by the chil- 
dren) such as: 



pint fruit jar 
and 

quart fruit jar 

small bell 
and 

large bell 



small medicine bottle 
and 

large medicine bottle 



small pitcher 
and 

large pitcher 



small whistle 
and 

large whistle 



small drum 
and 

large drum 



small dish 
and 

large dish 



Children tap the smaller object and then the corresponding larger one with 
a stick or pencil, and compare the tones produced. 



A committee of children may be interested in making a set of flower 
pot chimes. Hang the chimes by twine attached to buttons or sticks which 




Flowtr-pof chimes. 
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are large enough not to slip through the drainage holes in the pots. A 
small stick or ruler may be used to tap the flower pots. 

• Tapping an object makes it produce sound. j 

• When tapped, larger objects usually vtake lower tones, smaller objects | 

higher sounds. i 

4. How can we make a xylophone, using nails? 

Drive several nails of the same size into a board, each one hammered in 
a little more deeply. W 2 " to 2" brads are a good size. Tap the nails 
with a large nail to make them vibrate. Which nail, when tapped, makes 
the lowest sound? Which nail, when tapped, makes the highest sound? 

Children experiment with this nail xylophone by varying the distance 
the nails are driven into the board. Try using nails of different thickness 
or length to produce sounds. 

Can you play a tune on this instrument? 

• When tapped, a longer nail produces a lower tone than a shorter 

nail. 

• We can make many tones from low to high by using nail lengths from 
long to short. 




5. How can we make bottle-whistles? 

Have children recall hearing the sound of a train whistle or boat whistle, 
and of toy wind instruments (organs, fifes, horns, or harmonicas) . 

Secure about six clean, empty, glass bottles of various sizes. Plastic bottles 
may be substituted if children are asked to bring bottles from home. 
Plastic bottles, due to their resilient nature, will make sounds if one blows 
very gently across their mouths. If no sound is produced, from either 
glass or plastic, suggest that the child blow down as well as across. 
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Th« biggest bottle makes the lowest tone. 



Ask one child to blow softly across the smallest bottle. Ask a second child 
to do the same with the next bottle. Continue until all bottles are supplied 
with musicians. The children generalize that the larger the bottle, the 
lower the tone. Ask: In which bottles do we have the most air? (The 
largest bottles.) In which bottles do we have the least amount of air? ("The 
smallest bottles.) v 

Another discovery may be that the combined sounds of some bottles 
are pleasant or unpleasant. Discuss with children how musical instruments 

such as the recorder, pan-pipes, and organ can produce tones of different 
pitch. 

• Blowing into or across a bottle makes it whistle. 

• Bigger bottles usually make lower sounds; smaller bottles higher sounds. 

• When we blow into a number of bottles , the one with the most air in 
it makes the lowest sound; the one with the least, the highest . 

6. How con we make a milk-straw horn? 

Distribute a milk straw to each child. Partly flatten about one-half inch 
of one end and cut to shape it as shown in the illustration. Blow into it. 

While blowing, use a pair of scissors to snip off pieces of the other end 
of the. straw about one-half inch at a time. The pitch of the horn will 
nse as you shorten the tube. 

\ 

• The longer the straw, the lower the tone; the shorter the straw, the 
higher the tone. 




te.v 
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7. How does a recorder make music? 

Secure as many recorders as possible. Have children determine how 
sounds are made with the instrument. Children discover that tones can 
be produced by covering and uncovering the holes of the recorder. When 
all the holes are covered, the air in the entire tube vibrates, just as in a 
bottle, to produce a note of a certain pitch. If the player removes his 
finger from the hole farthest from him, he produces a note of slightly 
higher pitch. This happens because the column of vibrating air becomes 
shorter, extending from the mouthpiece to be uncovered hole. 

Other instruments which are played in this way are fifes, flutes, clarinets, 
saxophones, oboes, English horns and basoons. 

However, the length of the column of air in a trombone is changed by 
moving a sliding U-tube. 

In some brasses — the cornet, trumpet, tuba, and other horns — the length 
of the air column is changed by pressing keys. These are valves which 
open or close sections of the instrument to change the length of the 
column of air inside. Thus the valves act as the fingers do over the flute- 
holes. 

• In a wind instrument, a column of air vibrates inside the instrument 
to produce sound. 

• The length of this air column can be varied to produce tones of dif- 
ferent pitch. 

• The longer the column of air, the lower the pitch; the shorter the 
column of air, the higher the pitch. 

8. How can wo make a rubber-band guitar? 

This guitar, which can be assembled 
in a few minutes by each child, uses 
easily available materials. Pluck this 
to play it, pressing the rubber band 
to the ruler with the other hand. Chil- 
dren will discover that they can sound 
different notes by moving the left 
forefinger along the string, pressing 
it against the ruler at various points. 
Some may be able to play simple 
tunes, such as Three Blind Mice. 

Discuss with the children why moving the finger in this manner causes 
tones of varying pitch. They should understand the following: 



pencil tacurtd 
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GRADE THREE 

a. Only the part of the string that is plucked, and is free to vibrate, makes 
the sound. 

b. This part extends from the place where the string is pressed, to the 
bridge (the pencil). 

c. The longer this part is, the lower the pitch. The shorter this part is, 
the higher the pitch. 

In the case of stringed instruments, the strings are plucked or bowed 
(rubbed) and hence made to vibrate. 

• We can make a musical instrument by using a tightly-stretched rubber 

band. 

• We can make lower and higher tones by using different lengths of the 
rubber band. 

• We play musical instruments like guitars and violins in the same way 
as the rubber-band guitar — that is, by making different lengths of the 
strings vibrate. 



EVALUATIVE ACTIVITIES 

1. In each pair of objects pictured below, color the one that can make a higher 
sound. (The smaller objects should be colored.) 



0 








1 


m M 



2. Wliy 

a. does a violinist place his finger on different parts of the string when he is 
playing the violin? (To change the pitch. This is done by changing the 
length of the vibrating part of the string.) 

b. does a trombone player slide part of his instrument in and out? (This 
increases and decreases the length of the tube and therefore the length of 
the vibrating column of air.) 

j 

I ! 

r 
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c. are the strings of a harp of different lengths? (The length of the string is 
related to the pitch; the shorter the string, the higher the pitch; the longer 
the string, the lower the pitch.) 

d. does a guitar player tighten or loosen the strings of his instrument before 
he begins to play? (To get the right pitch; the tighter the string, the 
higher the note ; the looser the string, the lower the note. 

3. Pictured below are some drinking straws that have been cut to make a musical 
toy. Write “1” under the straw which will make the lowest note and “4” 




4. Here is a picture of a milk carton with a rubber band on it. In how many 
different ways can you make the rubber band produce sounds of different 
pitch? (Stretch it and pluck; press one finger at different places on the rubber 
band while you are plucking.) 






MILK 




C. FINDING OUT MORE ABOUT SOUND 

The questions and suggestions proposed below are intended for pupils p 
who are interested in learning more about the science of sound, and ! j 
who wish to conduct independent investigations to find the answers to I | 
some of these questions. A number of the items will also serve as a basis 1 j 
lor class discussions. | j 

1. Make a whistle collection. 

2. Tell, by tapping the outside of a carton, whether it is empty or full. 
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3. Tap cardboard cartons of different sizes. What difference in pitch do you 
notice? (The larger cartons usually give a lower pitch.) Try tliis also 
with other kinds of wood and cardboard boxes. 

4. Bring in a real musical instrument and demonstrate how it works. 

5*. How do animals such as frogs, katydids, crickets, cicadas, flies, and bees 
make sounds? 

6. Draw a card over the teeth of a comb at different speeds. How does the 
speed affect the sound? (When the teeth of the comb are plucked slowly 
with the card, a low pitched sound is made. When the teeth of the comb 
are plucked rapidly, a high pitched sound is made. In the first instance, 
the card vibrates slowly; in the second, the card vibrates rapidly.) 

Bibliography, has suggestions for making sound effects. 




7. Make a “rooster crower.” Cut off 
the top of a one-half pint milk 
carton. Rinse carton with cold wa- 
ter. Punch a small hole in the 
center of the bottom, put a string 
through hole and knot it. Crumple 
and wet a small pieee of paper 
toweling. Hold the carton in one 
hand, draw the wet paper down 
the taut string as shown. You 
will hear an unusual sound. By 
varying the amount of squeezing 
on the wet paper as you draw it 
down the string, you can make 
it sound like a rooster crowing 
“cock-a-doodlc-do.” 



A "ra**f«r«er»wtr". 



8. Try making sound effects. For example, crumple pieces of cellophane to 
simulate the sound of an egg frying. The Magic of Sound, listed in the 
Bibliography, has suggestions for making sound effects. 




9. Make a horn, as shown in the illustration. Hum into it, as into a kazoo. 



BASIC SUPPLY LIST 
FOR HOW SOUNDS ARE MADE 

* Indicates quantity for entire class; other quantities 
specified are for each group of 4 children. 



E-l: Science Supply List 

*1 cup of Sand 
1 Xylophone 
1 set Melody Bells 
*5 Flower Pots — various sizes 



G-l: Genera! Supply List 

1 wooden Ruler — 12" 

1 Dowel Stick 
*1 Triangle with Tapper 
1 Tongue Depresser 
4 Rubber Bands 
4 Paper Cups 
4 Paper Plates 
lpr. Scissors 
8 sheets 3x6" Paper 
*1 desk Blotter 



*1 Magna Board 
1 sheet large Oaktag 
*10 Pencils 
*10 Paste Sticks 
8 Milk Straws 
*1 bail of String 

(warp, thread, white) 
1 Hammer 
1 Ruler— 18" 



Miscellaneous: 



*4 Recorders 
1 plastic Ruler — 12" 
1 Nail File 
8 Milk Cartons 
1 Cigar Box 
1 Fork 



*1 cup of Puffed Rice 
*assorted Musical Toys 
*6 glass Bottles of uniform size 
1 block of Wood — 1" x 2" x 8" 
Assorted Nails — 2" to 3" long 

1 large Nail 

2 doz. Buttons 



*assorted, small and 
large: 
fruit jars 
bells 

medicine bottles 
dishes 
pitchers 
drums 
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Observing 
and Measuring 
Weather Changes | 



A. TEMPERATURE 

Background for the Teacher || 

To measure temperature, thermometers are used. One type of thermome- §j 
ter contains a liquid, such as alcohol or mercury, which is sensitive to |j 
temperature changes. These liquids expand noticeably when heated B 
slightly, and contract when they are cooled. When the liquid expands m 
it can move only upward, through the very narrow bore of the tube, jj 
which has a vacuum in the upper portion. The degree-scale used on the jj 
common Fahrenheit thermometer is based upon the freezing point (32°. ) jj 
and boiling point (212°F.) of water. : 

The weather forecaster uses his thermometer to determine the tempera- jj 
ture of the air. All significant readings are made in an enclosure open fi 
to the air but shaded from the sun. (Reading a thermometer with the m 
sun beating on it will merely show how effectively the thermometer is jj 
absorbing the sun’s rays. It will not give any significant temperature read- M 
ing, nor will it agree with another thermometer of different size or shape Bj 
held in the same location. It is not intended to be used in sunlight.) M 

Some thermometers with which the children are familiar, such as the jj 
oven thermometer, contain no liquid. The indicators are turned by metal jj 
strips designed to coil and uncoil as the temperature changes. f| 

Approaches and Learnings for the Child ■ 

The thermometer is a scientific measuring instrument familiar to children jj 
both in the home and in the classroom. Children observe the markings = 
on thermometer and learn how to read the scale. They become aware m 
of degrees as units of measurement. They experiment with the thermome- m 
ter and discover how the fluid in it responds to changes in temperature, jj 
They use it to measure the various temperatures in their immediate en- jj 
vironment. They observe the thermometer to determine daily fluctuations jj • 
in temperature and they make a record of their findings. ■ 
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From the activities suggested, children learn the following. g 

The thermometer measures temperature in degrees. B 

The liquid in the thermometer expands when the temperature is m 
warmer and contracts when the temperature is cooler. gj 

The temperature changes during the day. m 

The temperature changes from day to day. M 



1. What is a thermometer? 

Have children examine thermometers ob- 
tained from the E-l List (Items #14-0998 
or 14-1008). Direct their attention to the 
long, sealed glass tube and the colored 
liquid inside the tube. Explain that the liq- 
uid with a red color is usually alcohol and 
that with a silvery color is mercury. Intro- 
duce the word liquid, and have children 
name other liquids, such as water, oil, vine- 
gar, and milk. 

Have children notice the markings and the 
numerals along the sides of the thermometer. 
They will observe that the numbers get 
larger as they look from the zero mark to- 
ward the top. What do these numerals tell 
us? Before children answer, first ask: What 
do the numerals on a ruler tell us? What 
do the numerals on a weighing scale mean? 

Guide the children to understand that just 
as a ruler measures how long something is 
in inches, and a scale measures how heavy 
something is in ounces or pounds, a ther- 
mometer measures also: it measures how 
warm something is in units called degrees. 

• A thermometer is usually made of a 
sealed glass tube with a liquid inside it. 

• A thermometer has markings which can 
be used to find out how warm something 
is in degrees. 
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2. How can we make the liquid "line" in a thermometer 
change its length? 

Distribute thermometers ( E-l List : Item #14-0998) to children and 
asked them what they could do to make the liquid in the tube move. 
They may suggest shaking the thermometer (don’t let them do this; it 
would break the “line” of fluid), laying it on its side, turning it upside 
down. (The last two suggestions will not work.) 

How could we make the liquid move without shaking it or changing its 
position? Some children may suggest cooling it by putting it on the out- 
side window sill or under running cold water, or warming it by breathing 
on the bulb or holding the bulb in their hands. Children observe that 
the line in the tube becomes longer in the latter cases. Encourage them 
to continue watching the line when they are no longer breathing on the 
bulb or holding it in their hands. They will notice that the line returns 
to its original length. Why? (The air around the thermometer is cooler 
than the air of their breath, and cooler than the skin of their hands.) 

Suggest that children repeat these experiences several times to verify 
their findings. They might make a record of the changes in the length 
of the thermometer liquid by using paper strips which are cut to match 
(a) the length of the original line, (b) the length of the line after the 
thermometer is warmed, and (c) the length of the line after the ther- 
mometer is cooled. 
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Encourage further suggestions for ways to change the length of the line. 
Children may place the thermometer outside on a cold day, put it near 
a warm radiator, or immerse it in ice water or warm water. 
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In each case ask them to predict how the line will change before conduct- 
ing the test. Paper strips may again be used to record the results. Findings 
may be summarized on a chart such as the one which follows. 



\ 

i| 



What Happened to the Line? 


Became longer 


Becanu shorter 


Remained the 


when tested 


when tested 


same when tested 


in hot water 


in ice water 


in water kept 


in breath 


outdoors 


for an hour 


in hand 


in tap water 


in the classroom 


on radiator 







This is a good time to introduce the words expand and contract. When 
substances (liquid, gas, or solid) are heated they generally expand: that 
is, they take up more space. When substances are cooled, they contract 
(shrink) : that is, they take up less space. Alcohol and mercury are used 
in thermometers because they expand and contract considerably with 
a slight change in temperature. 

• The liquid “line” in the thermometer becomes longer when it is 
warmed, and shorter when it is cooled. 



3 . 



How is a thermometer used? 

Have children recount experiences 
with thermometers. They may men- 
tion the use of clinical thermometers 
when they were ill; meat or oven 
thermometers when their mothers 
cook; and wall thermometers when 
they want to find out how warm 
the room is. Guide them to see that, 
in each case, the thermometer helps 
us determine how hot something is. 
More accurately, this is called find- 
ing the temperature of something. 

Distribute thermometers ( E-l List, 
Item #14-0998) to the children. 

Recall the discussion of degree 
markings in Problem 1. 
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Children see where the red line ends on their thermometers and tell 
you the numerals. Write these on the board. Make it clear to the children 
that these numerals are read as degrees, and that they are used to show 
the temperature of something. Lead children to understand that the 
numerals they have just read measure the temperature of the air around 
them in the room. If the reading seems to fall between two markings, 
asks children to estimate the nearest -one. 

Make sure that the children know how to read the thermometer. Have 
them each place their thermometer in a container (paper cup) of tap 
water, and read the temperature again. Record the reading on the black- 
board. If widely varying temperatures are reported by some children, 
check their thermometers. They may be broken or being read incorrectly. 

Repeat the experience of Problem 2. This time, instead of using strips 
of paper to record the length of the line in the tube, have children record 
in degrees the temperature of the material tested. Their investigation could 
be extended to include such materials as soil in flower pots, milk in con- 
tainers, the air in their schoolbags and in desks. Note: Caution children 
to hold the thermometer by the stem, not the bulb, for correct readings. 



A chart may be made to record the findings of individual children. In 
each case they might note not only temperature of the item or place 
tested, but the relationship of that temperature to room temperature. 



Temperature 


of Some Things Around Our Room 


Who Tested It 


Place or Material 
Tested 


Its 

Temperature 


Joan and James 


Air in room 


70 degrees 


Maria and Peter 


Ice water 


40 degrees 


Carol and Alex 


Tap water 


60 degrees 


Frances and Bill 


Warm water 


150 degrees 


Annabella and Pasquale 


Water that stood 
for an hour 


70 degrees 


Alice and Eugene 


Air outside 


50 degrees 


Jenny and Sam 


Air over the radiator 


95 degrees 


Helen and Michel 


Milk in container 


45 degrees 


Rita and Harry 


Soil in flower pot 


70 degrees 
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As children have experiences reading temperatures, they become aware 
of the range of temperatures that can be measured by the kind of ther- 
mometer they have been using. (On the E-l List, for example, ther- 
mometer 14-0998 reads from 0° to 200° Fahrenheit in 1° divisions.) 

Have children examine other thermometers such as clinical, oven, indoor- 
outdoor, and candy thermometers, to not the range of temperatures 
indicated on each. Ask them to explain these differences. Discuss, also, 
the need for thermometers which register temperatures below zero for 
use in the winter or in the deep-freeze refrigerators. If possible, arrange 
for children to see thermometers in a supermarket’s meat freezer. 

• Temperature is the measure of how warm something is. 

• Temperature is measured in degrees. 

• Thermometers are used to measure the temperatures of many things. 

• Thermometers used for different purposes have different ranges of 
temperatures. 



4. What is there around us which changes in temperature? 

Children may suggest the following examples: warm water left in a pan 
cools off; cold water allowed to stand in a glass warms up; sometimes 
we get warmer when we are sick; the outdoor temperature changes during 
the day; the outdoor temperature changes from day to day. 

How can we find out if the temperature really changes? Children will 
suggest using a thermometer to measure it. Have them make plans for 
recording the temperature over a period of time. For example, some 
children may take outdoor-thermometer readings in the shade in the 
morning, near noon, and in the afternoon for a period of a week or two. 
Have them record their findings on a calendar or chart. 

Other children may experiment with change in the temperature of water. 
Provide two pans of water. Heat one until warm, but don’t boil. Put ice 
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cubes in the other. Have children take temperature readings of the warm 
and the cool water, and then take readings at half-hour intervals until 
the water in both pans comes to room temperature. The resulting chart 
may resemble the one on page 96. 

Encourage children to propose, design, and carry through other observa- 
tions of temperature changes. 

• The temperature around us changes during a day, and from day to day. 

• We can record the changes in temperature around us. 



EVALUATIVE ACTIVITIES 

1. Which thermometer would show the hottest day? (C.) 

Which thermometer would show the coolest day? (B.) 

a. e. 

1 1 

2. Following is a record of the outdoor temperature taken each day for five days. 

a) Which day had the highest temperature? (Thursday.) 

b) Which day had the lowest temperature? (Friday.) 

c) Which days had the same temperature? (Tuesday and Wednesday.) 

d) What is the difference in the temperature between Thursday and Friday? 
(15 degrees.) 

e) What is the difference in temperature between Wednesday and Thursday? 
(5 degrees.) 
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3. Give each child three copies of the 
thermometers as shown below. Ther- 
mometer A shows room temperature. 
Shade thermometer B to show how 
it would look if it were to be put in 
cold water. (“Line” should be shorter 
than that of A.) Shade Thermometer 
C to show how it would look if it 
were put in warm water. (“Line” 
longer than that of B.) 




4. Provide children with three illustra- 
tions of thermometers as shown on 
left. 

a. Shade one thermometer to show a 
temperature of 50 degrees. 

b. Shade another thermometer to 
show a temperature of 25 degrees. 

c. Shade the third thermometer to 
show a temperature of 72 degrees. 



98 



GRADE THREE 



5. Can you tell in what ways 

a) an oven thermometer is different from a freezer thermometer? (The range 
of degrees is higher in the oven thermometer.) 

b) the thermometer a doctor uses to take the temperature of his patient is 
different from the thermometer used by a weather forecaster? (The range 
of a clinical thermometer is from about 94° to 110°; the range of an 
outdoor thermometer is from about 30°F. below zero to about 120°F.) 

6. One morning the outdoor thermometer of a classroom read 19°. When the 
children measured the temperature in the afternoon, the thermometer reading 
was 26°. 

a) Which way did the line in the thermometer go? (Up.) 

b) Did it get warmer or colder? (Warmer.) 

c) How much difference was there in the temperature? (7°.) 

d) What season of the year do you think it was? (Winter.) 

7. Why do the following people use thermometers? 

a) cooks d) candy makers 

b) doctors e) housewives 

c) weather observers f) grocers 

B. WIND 

Background for the Teacher n 

Wind, as defined by the meteorologist, refers to horizontal air motion, i : 
as distinct from vertical motion. To measure the wind is to determine 
its direction and speed. The wind vane measures direction. (It is more ! 
popularly called the weather vane, since men have known for a long 
time that wind direction has an important bearing on the weather.) A 
wind vane points into the wind, that is, toward the direction from which 
the wind is blowing. For example, if a wind is blowing from the west, 
the arrowhead points to the west. Winds are named by the direction 
from which they come. A wind blowing from west to east is designated 
a west wind. 

The speed of the wind is measured by an instrument called an anemometer. 

A common type used by weather bureaus is the three-cup anemometer. 

Each cup is a hollow hemisphere. The three cups are attached by spokes 
to a central pivot. It is usually positioned on an unobstructed roof. The 
wind spins the cups around as it would a pinwheel, at a speed that is 1 
proportional to the wind speed. The speed is indicated on a device located 
inside the weather bureau. The direction and speed of winds higher above 
the earth are determined by meteorologists, using airplanes and balloons. J 
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Approaches and Learnings for the Child n 

Wind direction and wind speed are part of the daily weather reports in j | 
newspapers and on the radio and television. Children can make their ! I 
own observations and estimates by watching the wind at work in their I 
own environment. The fluttering of leaves, the blowing of flags, and the 
drifting of smoke give children clues about the direction and speed of I j 
the wind. As they make and use wind vanes and anemometers, they | | 
realize that there are more exact ways of measuring the wind. i | 

From the activities suggested, children learn the following. 

Wind direction may be detected by observing smoke, trees, flags, j j 
and clothes on a line. j j 

| i 

Wind direction is measured with a wind vane . J 

The direction FROM which a wind blows gives the wind its name, j’ 
Wind speed is measured with an anemometer. 

Wind direction and speed may change from day to day. L 

1. How can we tell which way the wind is blowing 
without going outdoors? 

Children will suggest looking at smoke from chimneys and at flags and 
clothes blowing. Encourage children to look for those and other signs 
to determine which way the wind is blowing. 

• We can tell which way the wind is blowing by looking at smoke, flags, 
and clothes on lines. 

2. How do the winds get their names? 

Make certain that the children can orient themselves to the directions 
(North, South, East, West) around the school. (See page 157). Take 
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the class outdoors on a breezy day. Ask, “Where is the wind coming 
from”? Children face the wind and point into it. “The wind is coming 
from this direction.” If they do not know the directicn, point it out to 
them. For example, if the wind is coming from the west, the child should 
be facing west. He should point west and call the wind a west wind. 

• Winds are named by the direction from which they come. 

3* How docs a wind vano tell us the direction of the wind? 

Show the children a wind vane that may be used out of doors. Take them 
to the street or playground to observe the wind vane in operation. Ask 
them to tell about weathervanes they may have seen on houses, church 
steeples, or at airports. Encourage them to construct wind vanes. 

Following is one type of wind vane construction. 

Use a 2 Vi inch length of a drinking straw, as shown. (A plastic straw 
makes a more durable instrument.) 

In the following instructions the 
teacher should handle the safety pin, 
candle, and razor blade, and have 
the children help in other aspects of 
the construction. Make a bearing hole 
through the straw, about one inch 
from one end, by piercing it with 
a large safety pin which has been 
heated in a candle flame. After the 
hole is made, a thinner straight pin 
is substituted. An accurate slit should 
be made in one end of the straw. (Do 
this for the child, using a single- 
edged razor blade and working care- 
fully.) The vane is inserted into this 
slit and wedged in place. (For greater 
permanency, use a drop of glue or 
whip several turns of sewing thread 
around the slit to bind the vane to 
the straw.) 

Some children may wish to make larger wind vanes to be placed in an 
open area, visible from the classroom. 

When held in a wind, the wind vane points into the wind, towards the 
direction from which the wind blows. This direction also gives a wind 
its name. In order to point accurately, a wind vane must swing freely. 
It must have more surface on the tail side than on the pointer side. 
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The wind vane must be in an open area which receives the wind directly 
and not reflected currents from it. The class may make a record of the 
wind and weather for several weeks and study it to discover possible 
relationships between wind direction and weather. They will discover 
that a north wind generally brings cooler weather, in this part of the 
country. A west wind is usually a good weather wind. An east wind fre- 
quently precedes wet weather. A south wind often brings warm, moist 
weather. 



Help the class develop a chart that relates wind to weather. It may 
be constructed in this manner. 



Date 


Time 


Direction 
of Wind 


Weather 


5/20/65 


9:30 A.M. 


West 


Fair 


5/21/65 


9:30 A.M. 


East 


Cloudy 


5/22/65 


9:45 A.M. 


West 


Fair 


5/23/65 


10:00 A.M. 


East 


Drizzle 


5/24/65 


10:00 AM. 


South 


Warm 



• A wind vane helps us find the direction of the wind. 



* The arrow of the wind vane points into the wind. 

* The wind is named for the direction from which it blows. 

* Sometimes the wind helps us to predict what kind of weather we will 

have. 

4. How strong is the wind today? 

Some children may know of the anemometer used by weather observers 
and homeowners to gauge the speed of the wind. (See Background for 
the Teacher, page 99.) A simple pinwheel illustrates the principle of 
the anemometer. Have children construct pinwheels. Color one point 
to make it easier to count or estimate the number of turns made in a 
given period of time. Ask the children to blow on their pinwheels, first 
gently and then vigorously. They will understand that the stronger the 
“breeze,” the faster the pinwheel turns. Let children try out their pin- 
wheels indoors near open windows, and outdoors in various locations. 
Children will begin to understand that a free spinning object, such as 
a pinwheel, may be used to gauge the speed of the wind. 

Have children observe the pinwheel in an open outdoor area for a num- 
ber of days. Does it seem to spin faster on some days than on others? 
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Can children count the number of turns made in a minute? (Probably 
not, unless there is a very gentle breeze.) The weatherman’s anemometer 
transfers the “information” about the rate of spinning to a dial, where 
it may be read easily. 

Another type of homemade anemometer is shown below. 



• 
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3. Remove a wedge from each disk. , 

'sj' 



4. Staple disks in shape of cones. 



Cut a cardboard cross. I 
2. Shape disks from the corners. 




5. Color one cone: 
staple all to cross. 



6. Mount on‘ 
knitting needle 
or hatpin, 

using wooden beads and pencil. 




A homemade anemometer. 

• The wind, makes the anemometer spin around. 

• The faster the wind moves, the more quickly the pinwheel spins. 

• The wind speed may change from day to day. 
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5. How can we tell the wind's speed without an instrument? 

Go outdoors when the wind is blowing. Look for the movement of leaves, 
signs, and flags. Observe papers and dust blown by the wind. Children 
may use the following scale to determine wind speed. They may add the 
wind speed and direction to their daily weather report. 



Signs 


Name of Wind 


Miles 

PER HOUR 


Flags hang down; smoke goes 
straight up; leaves do not move. 


Calm 


0 


Wind moves leaves on trees; is 
felt on face; blows out light- 
weight flags. 


Light Breeze 


1-5 


Wind moves branches of trees, blows 
dust and loose papers about. 


Gentle Breeze 


5-15 


Wind sways branches; raises 
whitecaps on water. 


Fresh Breeze 


15-25 


Wind makes it hard to use um- 
brellas; whistles in trees and 
wires; sways whole trees. 


Strong Wind 


25-35 


Wind breaks branches; uproots 
trees; damages houses; is hard 
to walk against. 


Gale 


35-75 


Wind damages houses; blows down 
utility poles and trees; 
causes great damage. 


Hurricane 


75-100 



• We can get some idea of the wind speed by noticing what happens 
to the objects the wind blows on. 



EVALUATIVE ACTIVITIES 

1. Which way is the wind blowing right now? 

(Do children determine direction by observing the signals suggested in Problem 
1 ? Do children point in the correct direction? Are they able to name the wind?) 
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2. Complete these two illustrations. 

a) Draw smoke coming from the chimney in the first illustration to show a 
wind blowing from the West. (Toward the right.) What is the name 
of the wind? (West wind.) 

b) Draw smoke coming from the second chimney, to show a wind blowing 
from the east. (Toward the left.) What is the name of the wind? (East 





3. This wind vane is in the wind. The wind is blowing from where to where? 
(West to East.) 

It is called a wind. (West.) 









VA/eat 


East 



4. a) How can you tell, without going outdoors, how strong the wind is today? 
(Observe flags, smoke, leaves, people, dust, and papers.) 

b) Give children the wind scale shown in Problem 5. Ask them to use it to 
find the name of the wind, and the number of miles per hour. Call the 
United States Weather Bureau (WE 6-1212) to compare their findings 
with that given by the Weather Bureau. Why might it be different? (It 
might be windier at the Weather Bureau Station; the Weather Bureau 
may have more accurate instruments.) What does the Weather Bureau 
use to measure the speed of the winds? (Anemometer.) How does it work? 
(Cups catch the wind, the anemometer spins, the speed is shown on a dial; 
the faster the wind the faster the spinning.) 
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C. RAIN, SNOW AND WATER VAPOR 

Background for the Teacher 

We are all familiar with the old saying, “It’s not the heat, it’s the humidity ” 
Most people prefer dry days, whether cold or hot, to the damp, humid 
kmd of day m which clothing, furniture, and walls feel moist and sticky. 

umidity is the moisture in the air. Where does the water come from 
and how does it get into the air? Bodies of water — oceans, rivers, lakes, 
and streams— make up more than 72 percent of the earth’s surface. The 
molecules of water m these bodies are in constant motion. Many of the 
molecules at the surface of the water escape into the air as they bounce 
about. The beat produced by the sun’s rays increases the motion of the 
molecules and speeds evaporation. 

Water evaporates into the atmosphere in a gaseous state, as invisible 
water vapor. Warm air can hold more water vapor than cold ai^en 
warni, moist air is cooled, some of the water vapor condenses into water 
again forming tiny water droplets on small particles of dust suspended 
m the air These droplets form clouds. Rain occurs when the droplets 
pin together to form bigger and heavier drops. Meteorologists still do 
not completely understand the causes of this phenomenon. 

Snowflakes may be formed in clouds when the temperature of the air 
is below freezing. At such times vapor may condense directly into ice 
c^stals, or snow High clouds, or the upper parts of some clouds! » 
often made completely of ice crystals. In other words, the water changes 
from the gaseous state directly to the solid, by-passing the liquid state. 

The weatherman keeps a record of each rainfall. Rain is collected in rain 
gauges The method used by the weatherman to determing the number 

Pmbkm2^ Sn ° W£al IS S,milar ‘° ‘ he meth ° d “ Sed with the chadren in 

The hygrometer is the instrument used by weathermen to measure the 

ahuminhV ° £*1 tbe hair hygrometer, the indicator is activitated by 
a human hair, which lengthens when the air is moist and shortens when the 

tilenrmne'ter m ° re Und ° f hySr0meter is th <= * et-md-dry-bulb 

Approaches and Learnings for the Child 

Water appears in many forms: rain, dew, fog, frost, snow, clouds, hail, 
seet. The weatherman is concerned with the detection and measurement 
of these visible forms of wtner. He is also concerned with te meLT- 
ment of water in the air in its invisible form, water vapor. 
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Children are interested in making and using instruments for measuring fgt 
rainfall. After a snowfall they measure the depth of the snow and melt |jj 
some to see how much water results. They make an instrument to deter- if 
mine the amount of humidity in the air, using a chemical which changes §j 
color with a change in the humidity. jj 

From the activities suggested, children learn the following. [1 

Rainfall may be measured collecting rain in a jar. m 

Snowfall may be measured with a ruler. m 

When snow melts into water, the water takes up less space than the M 
snow did. jjj 

Air may contain invisible water vapor. |5i 

Water evaporates into the air from wet surfaces. f j 

The humidity (dampness) of the air may change from day to day. M 

1. How can we measure the amount of rainfall? 

After a rainfall, go outdoors with the children and observe the dampness 
of soil, sidewalks, plants, and debris in the streets. Observe the size and 
depth of the puddles. Ask children how much rain has fallen. They 
may answer “a little” or “a lot.” Ask them to think of ways to be more 
exact or precise about the measurement of rainfall. Some may suggest 
collecting the water in a container and then measuring the height of the 
water level with a ruler, the next time it rains. 

Have children place their different containers outdoors or on window 
sills. They may keep records by measuring the depth of the water with a 
ruler. Have them compare the results in each of the different containers. 
(The size of the container should not affect the level reached, provided 
its walls are vertical.) 




AH these containers were exposed to the same rainfall. 
The depth of the water In each Is the same. 
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If it rains and no appreciable amount can be measured by a ruler, we say 
we have had a trace of rainfall. 

Have children keep a record of rainfall for a month. Make a chart for 
this purpose or use a large calendar. 

• Rainfall may be measured by collecting rain in a container and 
measuring the depth of the water with a ruler. 

2. How is snowfall measured? 



After a snowfall, ask children how they 
could measure the fallen snow. They 
may suggest thrusting a stick, ruler, or 
yardstick into the snow. 

Take children outdoors. Have them 
measure the snowfall in different places 
with several sticks or yardsticks. Com- 
pare the measurements. 



Do all agree? (Not always.) Why? (The snow is blown by the 
wind and piles up in some places.) How can we be sure of a correct 
measurement? (Choose a place where there has not been much drifting.) 

What is another way? (Consider the average depth, or the amount which 
is measured most frequently, as the amount of snowfall.) 

Find out from newspaper, radio, or television reports what figure the 

Weather Bureau gives for the snowfall. How does this compare with the 
class’s finding? 

• The depth of the snow can be measured with a ruler. 

3. What happens to a container full of snow 
when it is brought indoors? 

Place an open container, such as a coffee can, in an open area outside 
the classroom at the beginning of a snowfall, or scoop up a can full of 
snow, making sure not to pack it. Mark the level of the snow with ink 
tape, or other means at hand. Take the container indoors and allow the 
snow to melt. Mark the level of the water. Let the children measure 
both levels with a ruler and formulate ideas about the difference between 
them. Why does the water take up less space? Encourage children to 
suggest an explanation. Some may suggest that the snow has air in it. 
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To find evidence of the presence of air 
in snow, do the following. Place a snow- 
ball in a container of water. The snow- 
ball will float, indicating that it is lighter 
than water, and suggesting the presence 
of air. rush the snowball into the wa- 
ter with a pencil and hold it down. 

What are the bubbles that begin to come 
out of the snowball and rise to the sur- 
face? (Air bubbles.) 



• When snow melts to water, the water takes up less space. 

• Air escapes from snow when it melts. 



4. How can we find out if the air is damp or dry today? 

Ona damp day ask children to feel the walls, windows, and their 
clothing and tell about the dampness they notice. How can we find out, 
without feeling walls and windows, if the air is damp? 

Show children the chemical cobalt chloride (on the E-l List) and tell 
them that this chemical changes color according to the dryness or damp- 
ness of the air. Have the children make cobalt chloride indicators in the 
following way. First, dissolve some cobalt chloride in water. ( Precaution : 
children should be told not to taste cobalt chloride crystals or solution. 
After working with the solution, hands should be thoroughly washed.) 
Then have children soak pipe cleaners, unbleached muslin, or paper 
toweling in the solution. Remove them and allow them to dry. These 
may be pinned up and observed or used in devices such as those below. 




Thrtt humidity Indicators. 
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Testing the humidity indicator under known conditions. 



To help the children understand how the indicator works, suspend a strip 
of paper toweling (previously treated with cobalt chloride and' allowed 
to dry) in each of two jars. Attach the strip to the underside of the jar 
covers. One of these will have moist air in it, provided from an inch 
of water added to the jar before putting on the cover. The other will 
have dry air in it, obtained by placing the open jar on a radiator, over 
a hotplate or over a lighted electric bulb for a few minutes before cover- 
ing it. Children will observe the color of the paper in these known condi- 
tions, and will therefore have a better basis for understanding how this 
instrument may be used to measure unknown conditions. 

Tape one piece of prepared toweling outside the window and another 
inside. Compare for several days. Note: As a weather instrument the in- 
dicator must be observed outdoors, since the humidity of the air inside 
the classroom will be altered by other factors, such as heating by radiators. 

The material soaked in cobalt chloride will be blue in dry weather, and 
will g ^dually turn pink as the humidity increases. 

Keep a record of the outdoor humidity for several days. 

• The cobalt chloride indicator shows whether the air is dry or damp. 

• The humidity (dampness) of the air may change from day to day. 

• The humidity inside may be different from the humidity outside. 

5. What happens to the water in puddles? 

Children may offer a variety of plausible answers to this question. “There 
was a hole in the ground and it sunk in.” “The super swept it away.” “It 
went away by itself.” “It went into the air.” 

Ask children how they can experiment with water to determine if the 
water does go into the air. Some children may suggest leaving a dish 
of water open and observing it each day. Try as many of the children’s 
suggestions as feasible. The following experiments are typical. 
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a. Covered and uncovered jars 

Place two similar jars, with equal amounts of water, in sunlight. Cover 
one and leave the other open. Indicate, by a felt-pen mark, the daily 
level of the water in each jar. Make a graph to show the changes in water 
level. Have children form conclusions about the results. Ask children 
what happened to the water which had been in the open jar. (Evidently 
it went into the air.) In the closed jar? (It is still there, either on the 
bottom, or on the sides or top of the jar, or in the air in the jar.) 




'Place one open jar of water in sunlight and one similar open jar, with 
an equal amount of water, in a shady spot in the room. Check each jar 
for a period of few weeks. Keep records and make graphs of the results. 
What effect does sunlight have on the evaporation of water? 

c. Narrow jars and flat dishes 

Place the same (measured) small amount of water in an open dish as 
in a narrow, open olive jar. Keep both containers under the same condi- 
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